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Important Notice!

The purpose of this method is toopide data to help characterize the risks posed by petratentaminated media.
Innovative provisions and data adjustment steps are incorporated into the method to ensure that, in most cases, the resultant
data will be moderately (but not overly) cons#ive (i.e., health protective)lt is essential that all of the provisions and

unique procedures in this method are understood and carefully implemented as writ@h.particular note are the

following:

Peak Integration Techniques:

1 For individual TargeVPH Analytes, thepeaks from the PID are individualigtegrated(valley to valley) This
applies to samples and standards.

1 For the collective ranges of aliphatic hydrocarbons (i.e.C{and G-C;,), the chromatogranfrom the FIDis
continuously interated fo baseling bet ween speci fied r armgntaneftomomakedor © ¢ 0 m
Cs-Cg aliphatic hydrocarbons). This applies to samples only; see Calibration Approach for peak integration
techniques associated with calibration standards.

1 For the collective range of £C;9 Aromatic Hydrocarbonsthe chromatogram from the PID @ontinuously
integrated o baseling bet ween specified r an-gyene fiormaphtkadenep cThianp o u n
applies to samples only; see Calibration Aygmh for peak integration techniques associated with calibration
standards.

1 Forthesurrogate standard, tipeakis individually integrated \alley to valley, so that the area can be subtracted
from the collective areas of the hydrocarbon ranges discumsede. NOTE: if the method recommended
surrogate (B-dibromotoluene) is utilized, this subtraction will not be required since this surrogate elutes after all
aliphatic and aromatic compouwof interest.

Calibration Approach:

1 The calibration factors (Es) for the aliphatic hydrocarbon ranges are based on the correlation of collei@ive
area counts to the collective concentration values of a specified mixture of aliphatic hydrocarbon standards, in
which the collectiveFID area count is determined vilaet summation oindividual valley-to-valley peaks for the
individual standards.

1 For the aromatic range (i.e.g-Cio Aromatic Hydrocarbons), th€F is based on the correlation thfe PID area
countof one compound (1,2-#imethylbenzenejo the concenstion value ofthis compoundin which the area
count is determined via thedividual valley-to-valley peak fothis one compound

As such, the integration procedure for calibration (i.e., vatteyalley of individual calibration standards) is
different from the integration procedure for samples (i.e., integration to baseline across a specified range of the
FID or PID chromatogram). This is necessary to ensure a conservative bias (i.e., an intetpdigmeline

approach for the calibration standardsoul d i ncor porate baseline fAinoiseod
elevatedCF values resulting in inappropriately lower sample concentration levels which would not be-health
protective).

Data Adjustments:

A series of steps are specified to calcultte final sample data results, to ensure that these values are not overly
conservative, due to the addition of surrogate standar (
subtraction ofarea countsind/or the subtraction of medianantration valuesi.e., pg/L for aqueous samples or pg/kg for
soil/sediment samples):

1 When determining the collective area count for a spectfigdtrocarbonrange (i.e., GCg or Cy-C;, Aliphatic
Hydrocarbons or £C;q Aromatic Hydrocarbons it is necessg to subtract the individual (valletp-valley) peak
areaof anysurrogate standards that elute within that ratiggplicable



1 The individualPID concentration®f the Target VPH Analytes must be subtracted from #i® C; and G to C;,
Aliphatic HydrocarbonFID concentrationsand thePID concentratiorof Cy-C,9 Aromatic Hydrocarbons must be
subtracted from thEID concentratiorof Cy-C;, Aliphatic Hydrocarbons.

Significant UpdategChangesin Method Revision 2.1

This method revision (2.1) replacesvision 1.1 of the MassDEP VPH by GUD/FID test methodwhich wasissued in
May 2004. These updates and changes are relatively minor in natuleare summarized below

Technical Revisions:

1 Section 6.1.1.2: Recommended traps are provided and a regnoirkas been added to specify the trap used in the
data packagelf a different trap is used, the laboratory must perform a trap desorption efficiency study using a neat
gasoline standard and the RPDs of each hydrocarbon range and Target VPH Analge thetwecommended
trap and the trap utilized must be 025.

1 Section 7.5.1: More flexibility was added for the volume of surrogate to be added to aqueous and solid samples.

1 Section 9.1.2: MassDEP has added in a preference for the use chpditygp autosaplers over manual load
purgeand trap systems.

1 Section 9.1.2.2: Details regarding the procedures for spiking of surrogates and matrix spike solutions in aqueous
and solid samples prior to purgadtrap have been added to the method.

I Section 9.1.3.7: Aaution from the/PH PID/FID CAM Protocol2010, et seqWwas addedo the method
regarding the amount of methanol extract to be added to reagent ®attion 9.3.6 and Table Bhe retention
time windows were updated slightly to be consistent with the new VPH by GC/MS method and the APH method.

0 The ending marker for4Cg aliphatics is 0.01 minutes before nonane instead of 0.1 minutes.
0 The beginning marker forgC,, aliphaticsis 0.01 minutes before nonane instead of 0.1 minutes.

1 Secton9 4. 2. 12: The %RSD for Target VPH Analytes and t he
(previously was 025).

1 Section 9.4.2.13: A requirement from t¥€H PID/FID CAM Protoco(2010, et seqyas addedo the method
regarding the evaltian of the low standard when linear regression is used.

1 Sections 9.4.2.15 and 10.2.2:

o A requirement from th&’PH PID/FID CAM Protoco(2010, et seqwas addedo the mehodregarding
the analysis of an ICV.

0 The ICV acceptance criteria are-I80% for each Target VPH Analyte and hydrocarbon range (was 80
120% in the2010CAM protocol).

T Se¢eion 9.4.3.5: The %D for Target VPH Analytes and th
(previously was 025).

1 Section 10.2.6: Details were added regarding appropriate corrective actions when the LCS recoveries are outside
of the acceptanceriteria.

9 Section 10.3.1: Details were added regarding appropriate corrective actions when the matrix duplicate RPDs are
outside of the acceptance criteria.

1 Section 11.3.1.4: A new significant modification was added regarding the use-lrfieenregressn during
calibration.

9 Section 11.3.3: The laboratory is required to include information on the column and trap used in the CAM
deliverable.

Clarifications:

T Al mportant Noticed added at the begi nniqcglibratibnahdh e me't
sample quantitation and data adjustment steps during sample quantitation.

1 Sections 9.4.2.Y 9.4.2.9: clarified that individual peak areas should be utilized for integration during calibration

of the hydrocarbon ranges.

Section 9.6.2: Mar details were added regarding the quantitation of the hydrocarbon ranges in samples.

9 Section 11.3.3: Clarification on reporting ofamalyses and dilutions was added.

=



1 Appendix 2: Updated chromatograms were added.
1 Appendix 3:
0 Required VPH Data Report forupdated to include prompts for the column and trap information.
0 MassDEP Analytical Protocol Certification Form updated to include both VPH method options (GC/MS
and PID/FID).

MassDEP VPH by GC/MS

MassDEP has developed and published two analytical gestithods to quantify the concentrations of Volatile Petroleum
Hydrocarbons (VPH) in aqueous and solid matrices. The first VPH method was issued in 1998 and involves the use of in
series photoionization and flame ionization detectors (PID and FID). ®hisnkntconstitutes the second revision of that

method which is now referred to.as the AVPH by GC/PID/FIDO

In January 2017, MassDEP issued a sedéH methodthatinvolves the use of a mass spectrometer, which s referred to
asthen VPH by 0 Gk MBisalailable ahttps://www.mass.gov/guides/compendiofranalyticatmethodscant

massdeghwsc

For additional information and insights on the origimd implications of the various requirements and biases vitibse
methods, s e e AEval Mags EWP oMol atil e Petrol eum Htpdwne.maasrgdvo n (Vv
eea/docs/dep/cleanup/evaluatairvph-methodgune-2016.pdf



https://www.mass.gov/guides/compendium-of-analytical-methods-cam-massdep-bwsc
https://www.mass.gov/guides/compendium-of-analytical-methods-cam-massdep-bwsc
http://www.mass.gov/%20eea/docs/dep/cleanup/evaluation-of-vph-methods-june-2016.pdf
http://www.mass.gov/%20eea/docs/dep/cleanup/evaluation-of-vph-methods-june-2016.pdf

LIST OF ACRONYMS

APH Air-Phase Petroleum Hydrocarbons

ASTM American Society for Testing and Materials
BTEX Benzene, Toluene, Ethylbenzene, Xylenes

CAM Compendium of Anigtical Methods

CF Calibration Factor

%D Percent Difference

DF Dilution Factor

FID Flame lonization Detector

GC Gas Chromatography

GCI/MS Gas Chromatography / Mass Spectrometry
HCI Hydrochloric Acid

ICV Initial Calibration Verification

I.D. Interral Diameter

IDLC Initial Demonstration of Laboratory Capability
LCS Laboratory Control Sample

LCSD Laboratory Control Sample Duplicate

LMB Laboratory Method Blank

MassDEP Massachusetts Department of Environmental Protection
MCP Massachusetts Contiency Plan

MDL Method Detection Limit

MTBE Methyl tertiary butyl ether

NAPL Nonaqueous Phase Liquid

OSHA Occupational Safety & Health Administration
PID Photoionization Detector

QC Quality Control

%R Percent Recovery

r Correlation Coefficient

RL Reporting Limit

RPD Relative Percent Difference

%RSD Percent Relative Standard Deviation

Rt Retention Time

SOP Standard Operating Procedure

SSB System Solvent Blank

TSP Trisodium Phosphate Dodecahydrate

VOC Volatile Organic Compound

VPH Volatile Petroleum Hydrocarbons
NOTE:Abbreviations of units (e.g., mL , mm,

included
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METHOD FOR THE DETERMINATION OF
VOLATILE PETROLEUM HYDROCARBONS (VPH)
BY GAS CHROMATOGRAPHY/PHOTOIONIZATION DETECTOR/FLAME IONIZATION
DETECTOR

MASSACHUSETTS DEPARTMENT OF ENVIRONMENTAL PROTECTIOWassDEP)

1.0 SCOPEAND APPLICATION

1.1 This method is designed to measure the collective concentrations of volatiléi@hpldearomatic petroleum
hydrocarbons in water and soil/sediment matrices. Volatile aliphatic hydrocarbons are collectively
guantitated within twocarbon numberanges: g through G and G through G, Volatile aromatic
hydrocarbons are collectivelyugntitated within the £to Cy range. These aliphatic and aromatic
hydrocarbon ranges correspond to a boiling point range between approximate{p-pétitanelnd 220°C
(naphthalene)

1.2 This method is based on a puayattrap, gas chromatography (GQppedure using photoionization and
flame ionization detectofPID/FID) in-series. This method should be used by, or underditest
supervision of, analysts experienced in the use of pmdérap systems and gas chromatographs. The
analysts should bekilled in the interpretation of gas chromatograms and their use as a quantitative tool.

1.3 This method is designed to complement and support the toxicological approach developed by the
Massachusetts Department of Environmental Prote¢litassDEP)o evalate human health hazards that
may result from exposure to petroleum hydrocarbbfes§DEPR 1994 andVlassDER 2003). It is intended
to producedata in a format suitable fone characterization of risk at sites undergoing evaluation dineer
MassachusettsContingency Plan MCP, 310 CMR 40.0000)using the aforementioned toxicological
approach

1.4 This method is one of two analytical options provided by MassDEP to collectively quantitate ranges of
volatile aliphatic and aromatic hydrocarbons in aqueous @ifidesliment matrices. The other option was
issued by the agency in Janu2617, and involves the usaf a mass spectrometeirhe method detailed in
this document i s identGCHRIDEID 0as Tihva s DESr V&Pt i boyn
i Ma s s \PH Py GC/MS. 0 MassDEP has al so issued t-Rhase iMet h
Petroleum Hydrocarbons (APH)O® which enables the
petroleum hydrocarbons and target analytes in air and vapor samplgasbghromatography/mass
spectrometryGC/MS).

15 In addition to the quantificatiomf aliphatic and aromatic hydrocarbeoanges, the MassDEP VPH by
PID/FID method is also designed to quantifie individual concentrations of the Target VPH Analytes
benzenetoluene, ethylbenzene, xylenes (BTEX), naphthalene, and niettigry butyl ether (MTBE) in
aqueousand soil/sediment matrices. Use of this method to identify and quantify these iRRkFy@nalytes
is optional.

1.6 Petroleum products suitable for evalaatby this method include gasolirees wellasthe volatile fractions of
mineral spiritskerosene#2 diesel fuel oil, jet fuelsand certain petroleum naphthas. This method, in and of
itself, is not suitable for the evaluation of kerosene, jet fuelingeails, lubricating oils, and/or other
petroleum products which contain a significant percentage of hydrocarbons heaviey, thrawith boiling
points > 220°C

1.7 The Reporting Limit (RL) of this method for each of the Target VPH Analytes is deterrinéue
concentration of the lowest applicable calibration standard. The nominal RL for the individual target
analytes icompounespecific, and ranges from approximately 0.050 to 0.25 mg/kg in soil/sediment matrices
and 1 to 5 pg/L in aqueous matriceshe RLs for the collective hydrocarbon rangesapproximately 5
10 mg/kg in soil/sediment matrices and approximately 1B ug/L in aqueous matrices.

Volatile Petroleum Hydrocarbons by GC/PID/FID Revision 2.1
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1.8 This method includes a series of data adjustment steps to determine the concentrationsllettive
aliphatic and aromatibydrocarborrangesof interest. These steps may be taken by the laboratory or by
the data user.

1.9 Data reportproducedusing this method must contain all of the informatesentedn Appendix 3.
The format of these reports iteft to thediscretion of thendividual laboratoriegbut mustinclude the
same certification statement presented in the aforementioned Appendix and must be provided in a clear,
concise, and succinct manperHowever, the format of the Laboratory Ceécation must follow the
format presented in Appendix 3.

1.10 Like all GC procedures, this method is subject to a "false positive" bias in the reporting of Target VPH
Analytes, in that nomargetedhydrocarbon compounds eluting or-eluting within a specifiedetention
time window may be falsely identified and/or quantified as a Target VPH Analyte. Confirmatory analysis
by a GC/MS procedure or other suitable method is recommended in cases where a Target VPH Analyte
reported by this method exceeds an applicedgperting or cleanup standard, and/or whereletion of a
nontargeted hydrocarbon compound is suspected.

1.11  The first draft of this method was evaluated by two ihtet b or at ory A Round Robinodo t
final evaluation effort, participatingpboratories were provided (sinddind) sand samples spiked with
gasoline, and a AfAreal worl do groundwater sampl e
evaluated using a-Zgcore approach. Data received from 21 laboratories performinghétigd without
significant modifications are summarized below:

Data from Proficient Laboratories
Matrix # Labs % Labs Fraction %RSD | % labs within +/-
Proficient | Proficient 30% mean value
Cs-Cg Aliphatics 28 80
. Cq-Cy Aliphatics 52 50
soil 20 95 Total GC/FID 31 70
Cy-Cyp Aromatics 24 80
Cs5-Cq AllphathS 31 71
CqyCy, AI|phat|CS 44 47
water 17 81 Total GC/FID 24 76
Cy-C1o Aromatics 20 82

Laboratory and method performance were believed to have been adversely impacted dywthmsultiple
chromatographic columns, which may have significantly altered the placement of aliphatic hydrocarbons into
either the GCs or Gy-Cy, Aliphatic Hydrocarborranges Better performance was noted for the aromatic
fraction andtotal GC/FID data. Improvements incorporated into this final method are expected to
significantly improve overall method performance.

1.12 The VPH by GC/PID/FID and VPH by GC/MS methods tave ways to quantify collective concentrations
of volatile aliphatic and aromatic petieam hydrocarbons within specified carbmmberranges.Both have
been designed in a manner that attempts to strike a reasonable Waameen analytical method
performance and utility In this manner, assumptions and biases have been structurétkimethod to
help ensure protective, though not overly conservative data.

As an exampleMassDEPrecognizes that branched alkanes have lower boiling points than -gi&are
counterpart, while many of the cycloalkane constituents of gasoline rargé@evolganics have higher
boiling points than their-alkane counterpart. As a consequence:

(1) Depending upon the specific chromatographic column used, most branchldr@s are expected to
elute before monane, the beginning marker compoundttier G through G, aliphatic hydrocarbon range,
and will be conservatively counted in the more toxj¢thtough G aliphatic hydrocarbon range;

Volatile Petroleum Hydrocarbons by GC/PID/FID Revision 2.1
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(2) Depending upon the specific chromatographic column used, most branchigdr@s will elute before
n-pentine, the beginning marker compound for thett@ough G aliphatic hydrocarbon range, and will
thereforenot be counted in thes@rough G aliphatic hydrocarbon range; and

(3) Depending upon the specific chromatographic column used, most cycloalktnieshsi G through G

and G through G, aliphatic hydrocarbon ranges will be counted within their proper range with the exception
of some G, cycloalkanes which will elute after naphthalene, the end marker compound foy tireugh

C,, aliphatic hydroarbon range.

Based on the nature of petroleum releases encountered in the environment, the collective concentrations of
the volatile aliphatic ranges as measured by the VPH Mg#redtonsidered to tmitable for the evaluation

of the risks posed by the releases, consistent with the toxicological approach developgddds{DEPto

evaluate human health hazards that may result from exposure to petroleum hydrodaaissBER 1994
andMassDER 2003).

1.13  There may be better, more accurate, and/or less satigerways to produc&argetVPH Analyte and
hydrocarborrange data.MassDEPencourages methodological innovations that (a) better achieve method
and/or data quality objectives, (b) increase analytical precision and accuracy, (¢) reduce analytical
uncerginties and expenses, and/or (d) reduce the use of toxic solvents and generation of hazardous wastes.

All significant modifications to this method, however, must be disclosed and described on the data report
form, as detailed in Section 11.3 ahe MassDEPAnalytical ProtocolCertification Form (See Appendix 3,
Exhibit 2, QuestiorE). Laboratoriegzhat make such modifications, afod develop and utilize alternative
approaches and methods, are further required to demottisaiate

1 Suchmodifications © methodologies adequately quantify the petroleum hydrocarbon ranges, as defined
in Sections & through 38 of this document, ensuring that any methodological uncertainties or biases
are addressed in a manner that ensures protective (i.e., conseresiiNge) and data (e.g., over, not
underquantification of the more toxic ranges);

1 Such modifications and/or methodologies employ and document initigthod demonstration and
ongoing quality control (QC) procedures consistent with approaches detailed énMhssDEP
Compendium of Analytical Method€AM); and

1 Suchmethods andorocedural modificationgre fully documented in a detaileiandard operating
procedureg(SOP)

1.14 Additional information and details on theMassDEP VPH approach are available at
http:/Avww.mass.gov/dep/cleanup/laws/policies.htm#vph.

1.15 This methodshoudbe wused in conjunction wit hQuialtyeContairr ent
Requirementsnd Performance Standards the Analysisof Volatile Petroleum Hydrocarbons (VPHYy
Gas Chromtmgraphy/Photoionization Detector/Flame lonization Detector in Support of Response Actions
Under the Massachusetts Contingency Plan PMC WSCG-CAM-IV A was developed biylassDEPto
complementthis MassDEP VPH by GC/PPID/FID Method and to provide more dd&d guidance
regarding compliance with th@C requirements and performance standards ofMassDEPVPH by
GC/PID/FID Method.

Volatile Petroleum Hydrocarbons by GC/PID/FID Revision 2.1
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2.0 SUMMARY OF METHOD AND DATA QUALITY OBJECTIVES

21

2.2

2.3

24

Samples are analyzed using puageitrap sample concentration. TKEC is temperature programmed to
facilitate separation ahe individualcompoundsand hydrocarbon ranges of interest on a capillary calumn

All compounds are detected usiad’ID and FID in series. Quantitation is based on comparing the PID and
FID response oh sample to a standard comprised of aromatic and aliphatic hydrocarbons. The PID
chromatogram is used to determine the individual concentrations of TarBét Analytes
(BTEX/MTBE/naphthalene) and collective concentration of aromatic hydrocarbons wighi@ through

Cio range. The FID chromatogram is used to determine the collective concentration of aliphatic
hydrocarbons within the{&hrough G and G through G, ranges.

This method is suitable for the analysisamfueous samplesoils, sediments, wtes, sludges, and non
aqueous phase liquid (NAPL) samples. However, it should be noted that the method was validated only for
soil and aqueousmatrices. Aqueoussamples may be analyzed directly féPH by purgeandtrap
concentration an@C/PID/FID. Sdl/sediment samples are dispersed in methanol to dissolve the volatile
organic constituents. An aliquot of the methanol extract is then analyzed byapdrgap concentration

and GC/PID/FID

This method is based on (1) USEPA Methods 5030B, 5086800 8015C, and3021B, SW846, "Test
Methods for Evaluating Solid Waste$2) Draft "Method for Determination of Gasoline Range Orgahics
EPA UST Workgroup, November, 1990; and '(8pdified GRO Method for Determining Gasoline Range
Organics' Wisconsin Deprtment of Natural Resources, PUBM/-140, 1992.

Data Quality Objectives should be developed and applied for sampling and analytical efforts involving the
use of this method.Key parameters of interest include: (a) the acceptability of RLs achievatleeb
laboratory for the contaminants of interest and (b) the identification and reporting of target analytes.

3.0 DEFINITIONS

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

Aliphatic Hydrocarbons are defined ascyclic or cyclic, saturated or unsaturated compounds that
contain only carbon and hydrogatoms, excluding aromatic compounds.

Aromatic Hydrocarbons are defined as compounds whose structures include a cyclic structure and a
closed conjugated system of double bonds containing only carbon and hydrogen atoms.

Analytical Batch is defined as group of field samples with similar matrices which are processed as a unit.
For QC purposes, if the number of samples in such a group is greater than 20, then each group of 20 samples
or less is defined as a separate analytical batch.

Calibration Standards are defined as a series of standard solutions prepared from dilutions of a stock
standard solution, containing known concentrations of each analyte and surrogate compound of interest.

Continuing Calibration Standard is defined as a calibration standarded to periodically check the
calibration state of an instrument. The continuing calibration standard is prepared from the same stock
solution as calibration standards, and is generally one of thleweidrange calibration standard dilutions.

Cs through Cg Aliphatic Hydrocarbons are defined as all aliphatpetroleurmhydrocarbon compoundsat
elute fromjust beforen-pentane (¢) to just before monane (g). Csthrough Galiphatic hydrocarbons are
determined using the FID.

C, through C,, Aliphati ¢ Hydrocarbons are defined as all aliphatfetroleumhydrocarbon compounds
thatelute fromjust beforen-nonane (@) to just before naphthalené, through G, aliphatic hydrocarbons
are determined using the FID

Co through C4y Aromatic Hydrocarbons are defined as all aromatipetroleumhydrocarbon compounds
thatelute from just after-aylene to just before naphthalene; therefore this range will include any unsaturated
hydrocarbons (e.g., alkenes, alkynes, carbonyls, ethers, etc.). Although naplgteiearematic compound

Volatile Petroleum Hydrocarbons by GC/PID/FID Revision 2.1
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3.9

3.10

3.11

3.12

3.13

3.14

3.15

3.16

3.17

3.18

with 10 carbon atoms, it is excluded from this range because it is evaluated as a 3epgeaty PH
Analyte. G through Gyaromatic hydrocarbons are determined using the PID

Field Duplicatesare defined as two separate samplellected at the same time and place under identical
circumstances and managed the same throughout field and laboratory procedures. Analyses of field
duplicates give a measure of the precision associated with sample collection, preservation, anéstorage
well as laboratory procedures.

Laboratory Control Sample (LCS) is defined as a reagent water blank (when associated with aqueous
samples) or clean methanol blank (when associated with soil/sediment samples) fortifidtk wittrix

spiking solution. The LCS is prepared and analyzed in the same manner as a sample and its purpose is to
determine the bias of the analytical method.

Laboratory Control Sample Duplicate (LCSD)is defined as a reagent water blank (when associated with
aqueous samples) olean methanol blank (when associated with soil/sediment samples) fortifiethevith
matrix spiking solution. The LCSD is prepared separately from the LCS but is prepared and analyzed in the
same manner as the LCS. Thapose ofLCS duplicatess to deermine the bias andrecisionof the
analytical method

Laboratory Method Blank (LMB) is defined as an aliquot of reagent water (when associated with aqueous
samples) or clean methanol (when associated with soil/sediment samples) spiked with a steratzte

The laboratory method blank is prepared and analyzed in the same manner as a sample, exposed to all
glassware, solvents, reagents, and equipment. A laboratory method blank is analyzed with every batch of
samples, to determine if method analytesther interferences are present in the laboratory environment,
reagents, or equipment.

Matrix Duplicates are defined as split samples prepared and analyzed separately with identical procedures.
For soil/sediment samples, matrix duplicate samplestaden from the same sampling container. For
agueous samples, a separate container is used for the matrix duplicate sample. The analysis of matrix
duplicates gives a measure of the precision associated with laboratory procedures, but not with sample
collection, preservation, or storage procedures.

Matrix Spike Sample is defined as an environmental sample which has been spiked with a matrix spiking
solution containing known concentrations of method analytes. The purposenwtthespikesample is to
determine whether the sample matrix contributes bias to the analytical results. The background
concentrations of the analytes in the sample matrix must be determined through the separat®faaalys
unspiked sample aliquot. The measured values iméréx spikesample must be corrected for background
concentrations when calculating recoveries of spiked analytes.

Matrix Spiking Solution is defined as a solution prepared from a separate source than used for the
calibration standards, containing knowmcentrations of method analytes.

System Solvent Blank (SSBis defined as an aliquot ofganicfree water American Society for Testing

and Materials ASTM] Type | reagent grade) and pusgedtrap grade, or equivalent, methanol. For
aqueousamples 4.@L of methanol is mixed with 5.0 mL of water and $mil/sedimensamples 100 uL

of methanol is mixed with 4.9 mL of watelthe SSB is analyzed in the same manner as a sample, exposed
to all glassware, solvents, reagents, and equipm8atrogates mustot be spiked into SSBsAn SSB
provides one way of determining the level of noise and baseline rise attributable solely to the analytical
system, in the absence of any other analytes canalytical related contaminants.

Target VPH Analytes are defhed as benzene, toluene, ethylbenzeneylene, pxylene, oexylene,
naphthalene, andTBE.

Unadjusted G; through Cg Aliphatic Hydrocarbons are defined as all petroleum hydrocarbon compounds
which elute on the FID chromatogram frorpentane (€) to justbefore rnonane (@).

Volatile Petroleum Hydrocarbons by GC/PID/FID Revision 2.1
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3.19

3.20

3.21

3.22

Unadjusted G, through C1, Aliphatic Hydrocarbons are defined as all petroleum hydrocarbon compounds
which elute on the FID chromatogram frquist beforen-nonane (@) to just before naphthalene.

Volatile Petroleum Hydrocarbons (VPH) are defined as collective fractions of hydrocarbon compounds
eluting from npentane tqust beforenaphthalene, excluding Target VPH Analytes. VPH is compriseg of C
through G Aliphatic Hydrocarbons, £through G, Aliphatic Hydrocarbons, andg¢Ghroudh C,o Aromatic
Hydrocarbons.

Volatile Petroleum Hydrocarbon (VPH) Component Standardis defined as a 15 component mixture of

the aliphatic and aromatic compounds and one surrogate listed in Table 1. The compounds comprising the
VPH Component Standard amsed to (a) define the individual retention times ealibrationfactors for

each of the Target VPH Analytes, (b) define and establishetieation timewindows for the collective
aliphatic and aromatic hydrocarbon ranges of interest, and (c) deteswenage calibration factors or
generate calibration curves that can in turn be used to calculate the collective conceotriayidrocarbons

within these ranges.

All other terms are as defined in the most current version o888y "Test Method for Ealuating Solid
Waste" USEPA.

40 INTERFERENCES AND METHOD LIMITATIONS

4.1

4.2

4.3

4.4

Samples can become contaminated by diffusion of volatile organics through the sample container septum

during shipment and storage or by dissolution of volatiles into the methanofouseeservation. Trip

blanks prepared from both reagent water (when associated with aqueous samples) and methanol (when
associated with soil/sediment samples) should be carried through sampling and subsequent storage and
handling to serve as a checksuth contamination.

Crosscontamination can occur whenever a-ooncentration sample is analyzed immediately after a high
concentration sample.To reduce carryover, the sample syringe and/or purging device must be rinsed
between samples with reagerater or solvent. For volatile samples containing high concentrations of water
soluble materials, suspended solids, high beftiognt compounds or organohalides, it may be necessary to
wash the syringe or purging device with a detergent solution, rinkedistilled water, and then dry in an

oven at 105°C between analyses. The trap and other parts of the system are also subject to contamination;
therefore, frequent bal@ut and purging of the entire system may be required. A screening step is
recommende to protect analytical instrumentation. Whenever an unusually concentrated sample is
encountered, it must be followed by the analysisrofS&B or LMB to check for crossontamination.
However, due to the potential for samples to be analyzed usingasampler, the ability to perform this

blank analysis may not always be possible. If the sample analyzed immediately after the unusually
concentrated sample is free from contamination, then the assumption can be made that carryover or cross
contaminationis not an issue. However, if this sample did detect analytes which were present in the
unusually concentrated sample, reanalysis is required for all samples analyzed after this highly concentrated
sample which detected similar analytes.

The response ketivity of a PID is used in this method to differentiate aromatic hydrocarbons from aliphatic
hydrocarbons. All compounds eluting on the PID chromatogram afgene are identified by the method

as aromatic hydrocarbons. This will lead to an ovienesibn of aromatic hydrocarbons within samples, as
certain aliphatic compounds will elicit a response on the PID, particularly unsaturated compounds such as
alkenes. The significance and implications of this overestimation will vary from sample to;sahegiie

less conservative data are desired, additional actions should be considered to minimize the detection of non
aromatic compounds, including the use of a lower energy PID lamp and/or an alternative chromatographic
column

Certain organic compoundtassociated with the release of petroleum products including chlorinated
solvents, ketonesnd ethers may be detected by this method and may contribute to the collective response
guantified within an aliphatic or aromatic hydrocarbon range.
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5.0 HEALT H AND SAFETY ISSUES

The toxicity and carcinogenicity of each reagent used in this method have not been precisely defined. However, each
chemical compound should be treated as a potential health hazard. From this viewpoint, exposure to these chemicals
must be reduced to the lowest possible level by whatever means available. The laboratory is responsible for
maintaining a current file o®ccupational Safety & Health Administratio®@$HA) regulations regarding the safe
handling of the chemicals specifiedthis method. A reference file of safety data sheets should also be made available

to all personnel involved in the chemical analysis.

6.0 APPARATUS AND MATERIALS
6.1 Purgeand Trap System

6.1.1 The purgeandtrap system consists of a sample purging chambegnaentrating trap, and a
thermal desorber. Complete systems are available commercially.

6.1.1.1 The purging chamber must be designed to accept 5 mL samples with a water column at
least 3 cm deep. Purging devices larger than 5 mL have a reduced purgingogfficien
and should not be used. The gaseous headspace between the water column and the trap
must have a total volume of less than 15 mL. The purge gas must pass through the
water column as finely divided bubbles with a diameter of less than 3 mm at the origin
Fritted glass or needle sparge cells may be used. If needle sparge cells are used, the
purge gas must be introduced no more than 5 mm from the base of the water column.
Alternate samplgurging devices may be used, providedeguivalent performances i
demonstrated.

6.1.1.2 The recommended trap should be at least 25 cm long and have an inside diameter of at
least 0.105 inches. The trap should be packed with 400 mg of Carbopack B (Supelco
Cat. No. 20273). Alternative trap packing materials include: 7.6Garbopack B and
1.3 cm Carbosieve-Bl (Supelco Cat No. D321);or 7.7 cm Carbopack C and 1.2 cm
Carbopack B (Supelco Cat No:1964). In general, Carbopack trap packing materials
are recommended because they have less of a tendency to retain methiahatould
interfere with the elution of pentane and quench the FID flame. The recommended trap
length and packing materials may be varied as long as equivalent performance (i.e.,
meeting QC criteria of method) has been verified

NOTE: Based upon data btained from the MassDEP VPH by GC/MS Method
Round Robin testing program, the choice of traps may have a significant impact on
the quantification of aliphatic and aromatic compounds within the collective
hydrocarbon ranges specified in the method, specififly the heavier boiling point
components.lt must be demonstrated that the selected trap has equivalent properties
for the efficient desorption of the aliphatic and aromatic compounds and ranges of
interest. In all cases, the laboratory must specify therap used in the data package
(see Appendix3).

To demonstrate equivalency of trap desorption efficiencya neat gasoline standard
must be analyzed usirggtrap with the recommended packing mateaald the proposed
substitute trap, with all other rundsystem parameters held constahie concentrations

of Cs-Cg and G-Cy, aliphatic hydrocarbons, &, aromatic hydrocarbonranges, and
Target VPH Analytes must be determined for each trap. The relative percent differences
(RPD9 between the concentrati® of each hydrocarbon range and Target VPH Analyte
obtained from each trap must 9@5.

6.11.3 The traps should be conditioned and desortk
The trap may be vented to the analytical column during daily conditioninggyer, the
column must be run through the temperature program prior to analysis of samples.
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6.2

6.3

6.4

6.5

6.6

6.7

6.1.1.4 The desorbershould be capable of rapidly heating the trap the temperature
recommended by the trap manufacturer prior to the beginning of the flow of d@sorpt
gas.

Gas ChromatograpBystem

6.2.1 An analytical system complete with temperature programmab{@C for use with a capillary
column is required.

6.2.2 Chromatographic Column: The required column is: #®% 0.53 mminternal diametefl.D.)
Restek RTX502.2 with 3 micron film thickness, or column with equivalent chromatographic
properties

NOTE: Based upon data obtained from the MassDEP VPH by GC/PID/FID Method Round
Robin testing programs, the choice of chromatographic column may have a significant impact
on the apportionment and quantitation of aliphatic and aromatic compounds within the
collective hydrocarbon ranges specified in this methodSubstitution of the required column is
not allowed, unless it can be demonstrated that the selected column has igglent
chromatographic properties and elution order for the aliphatic and aromatic compounds and
ranges of interest. In all cases the laboratory must specify the column used in the data
package (see Appendix 3).

To demonstrate equivalency of column chnmmatography, a neat gasoline standard must be
analyzed on both the requiredlwon and the proposed substitute column, with all other run and
system parameters held constant. The concentrations@f &d G-C;, aiphatic hydrocarbons

Cy-Cyo aromatic hydocarbonsand Target VPH Analytesust be determined for each column (in
which the PID concentratioa of the TargetVPH Analytes have been subtracted from the FID
concentrations ahe aliphatic hydrocarbon rangesrheRPDsbetweentte concentrations &ach
hydrocarbonrangeand Target VPH Analytebtainedfrom each column must be25. The elution

order of VPH components on the proposed substitute column must be equivalent to the elution
order on the required column.

Detectors

6.3.1 The method requirebe use of a PID in series with a FID; the PID first in the series. The method is
based upon the use of a 10.0eV PID lamp, although lower energy lamps are permissible in order
to minimize PID response to aliphatic compounds. In lieu of @eries erangement, iparallel
PID and FID units may be also used if the RL for the method is not advaifeeted

6.3.2 A data station is required that is capable of storing and reintegrating chromatographic data and
capable of determining peak areas using a tbbeaseline projection

The following glassware is used in this method:

6.4.1 VOC Vials: Wide mouth 66nL VOC vials or 46mL VOC vials with Teflon/silicone septa for
soil/sedimenmatrices 40-mL VOC vials with Teflon/silicone septa fagueous matrices

642 Classs fiAO0 Vol umal, 50mk, 100mLaand1s00amL withgroundglass stopper

Analytical balance: An analytical balance capable of accurately weighing 0.0001 g must be used for
weighing standardsf required A toploading balance capablé&weighing to the nearest 0.1 g must be used

for weighing soil/sediment samples.

Ultrasonic bath.

Disposable pipets: Pasteur.
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6.8

6.9

6.10

6.11

6.12

6.13

Syringes: &mL Luerlock glass hypodermic anehd gastight syringe with shutoff valve.
Syringe valve: Tweaway, withluer-lock connections

Microsyringes: iuL, 5-pL, 10-pL, 25-pL, 100-puL, 250-pL, 500-uL, and 1,006uL.
Spatula: Stainless steel.

Drying oven.

Dessicator.

7.0 REAGENTS AND STANDARDS

7.1

7.2

7.3

7.4

7.5

Reagents

7.1.1 Reagent Water: organfcee water (ASTM Type | reagent grade water).

7.1.2  Solvent: methanol; purggndtrap grade or equivalent. Store away from other solvents.
Stock Standard Solution

Prepare stock standard solutions in methanol at approximately 10 micrograms per microliter (ug/uL), or
purchase certified solutions. Pregi@on of stock standards and component standards should be done
using volumetric glassware. The stock standard solution consists afiphatic and aromatic range
calibration compounds and Target VPH Analylisged in Table 1 A separate stock standasolution
containing only the surrogate must be prepared. Transfer the stock standard solution into-En&eéflon
screwcap or crimp cap bottle. Store, with minimal headspace,8C to-20°C and protect from light.

Stock standard solutions must teplaced after 6 months, or sooner if comparison with check standards
indicates a problem.

Primary Dilution Standard

Using the stock standard solutions, prepare primary dilution standards in methanol, as needed. The primary
dilution standardsshould beprepared atl00 pg/mL These standards should be stored with minimal
headspace, a10°C to-20°, and should be checked frequently for signs of degradation or evaporation. The
primary dilution standards should be replaced at least monthly.

VPH Calibraton Standards

Prepare VPH Calibration standards in reagent water from the primary dilution stgimdandthanol) At a
minimum, five different concentratios are required for a valid calibration curve. The calibration
concentratios must be evenly diggsed over the full working range of the detector with the lowest
calibration point corresponding to the RIChe highest concentration defines the maximum upper working
range of the calibration curve. Tard&PH analytes may not be reported above thisceotration without
sample dilution Tables 2a and 2lprovide recommended concentrations for each calibration standard for a
5-point initial calibration of hydrocarbon rangd@srget VPH Analytesand the surrogate

Agueous standards are not stable shaildbe discarded after one hour.

Surrogate Standard

The analyst must monitor both the performance of the analytical system and the effectiveness of the method
in dealing with sample matrices by spiking each sampiéB, LCS, LCSD, and matrix spike wita
surrogate standard. The surrogate standard is included in the VPH calibration stahdangccommended
surrogate standard is 2gromotoluene, which elutes after all aliphatic and aromatic compounds of interest.
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However, other surrogates may bedisas long as they are adequately resolved from the components of
interest.

7.5.1 Recommendedurrogate Spiking SolutionFrom a stock standard solutjqorepare a surrogate
spiking solution in methanol. Add specified volume (recommended @ pl) of this surrogate
spiking solution directly into the-BIL syringe with every aqueous sampl#|B, LCS, LCSD, and
matrix spikein order to yield a final concentration of 5@y/L. Add a specified volume
(recommended not to exceed 1.0 ndf)the surrogate spikinsolution to soil/sediment samples
during the extraction step (See Section 92).i. order to yield a final concentration of 2.5 mg/kg
(or 50 ug/L on column. The use of higher concentratioisspermissible and advisable when
spiking highly contaminatesamples.

7.6 Matrix Spiking Solution

The recommended matrix spiking solution, consisting of the full analyte list (VPH Component Standard),
is prepared in methanat a nominatoncentration of 50 pg/mL.

7.7 Petroleum Reference Standard (To demonstrate algnizy of column chromatograpbpd trap desorption
efficiency)

The Petroleum Reference Standard consists of an API or commercial gasoline standard. Prepare Petroleum
Reference Standargpiking solutions by accurately weighing apgimately 0.0100 g of neat product.
Dissolve the neat product in methanol and dilute to volume in-anLO@lumetric flask.

8.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING
8.1 Aqueous Samples

8.1.1 Aqueous samples should be collectettijlicate (or the nurber of vials directed by the laboratory)
without agitation and without headspace in contamifraet 40 mL glass VOC vials with Teflen
lined septa screw caps. The Teflon liner must contact the sample. All samples must be chemically
preserved asfollowd ased on t he -dnédtrbposysemhsetup).6s pur ge

a. Samples analyzed with ambient purge tempera8amples must be acidified to a pH of 2.0 or
less at the time of collection. This can generally be accomplished by adding 3 or 4 drops (0.1
to 0.2 ni) of 1:1 hydrochloric acid KICI) (1 part reagent water and 1 part concentrated HCI) to
a 40mL sample vialprior to collection Samples must be cooledQe°C immediately after
collection.

b. Samples analyzed with heated purge temperatbamples mustétreated to a pH of 11.0 or
greater at the time of collection. This can be accomplished by addingo®@4® grams of
trisodium phosphate dodecahydrate (TSP) to-ml&ample viaprior to collection Samples
must be cooled t6-6°C immediately aftecollection.

8.1.2 A chainof-custody form must accompany all sampling vials and must document the date and time
of sample collection and preservation method used. The pH of all water samples must be
determined by the laboratory after sample analysib&as completed. The pH measurement may
be performed on leftover sample. Any api@served sample found to contain a pH above 2 must
be so noted on the laboratory/data report sheet. Anypf&served sample found to contain a pH
<11 must be so noted dime laboratory data report sheétdditional details and recommendations
on aqueous sample preservation are provided in Appendix 4.

8.1.3 A reagent water trip blank, preserved in the same manner as the samples, should accompany each
batch of water samplefRefer to WSCGCAM-VII A for the required frequency of trip blanks.

8.1.4 Any sample received by the laboratory that is not packed in ice or codlegf@must be so noted
on the laboratory/data report sheet. The temperature of the cooler must be recorded by th
laboratory upon receipt.
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8.1.5 Agueous samples must be analyzed within 14 days of collection.
8.2 Soil/Sediment Samples

8.2.1 Soil/lsediment samples must be collected in a manner that minimizes sample handling,
environmental exposure and/or aeratidrhe use of speally designed aitight collection samplers
or a 30mL plastic syringe with the end sliced off is recommended. All soil/sediment must be
removed from the glass threads of the vial to ensure an adequate seal. Samples must b&-cooled to
6°Cimmediately ar collection.

8.2.2 Methanol preservation of soil/sediment samples is mandatorjvethanol (purgeandtrap grade)
must be added to the sample vial before or immediately after sample collection. In lieu ef the in
field preservation of samples with methanol] saimples may be obtained in specialgsigned air
tight sampling devices, provided that the samples are extruded and preserved in methanol within 48
hours of collection. Additional details and recommendations on soil/sediment sampling are
provided in Apendix 4.

8.2.3 The desired ratio of methant-soil/sediment is 1 mL methanol/1 gram soil/sediment,25/%.
The exact weight of the soil/sediment sample and volume of methanol must be known or ascertained
by the laboratory when calculating and reportind/sadiment concentration dat& recommended
practice is for a laboratory to provide labeled,-weighed sampling vials with the measured
vol ume of met hanol clearly indicated to the f
indicating the higiht of the methanol meniscus should be permanently marked on the side of the
sampling container. After the seidimentsample is added to the methanol in the sampling
container, the sampl e daf il |-didplacadgideased) dhettmmot i n g
level should also be marked by the field sampling technicianall cases, the soil/sediment
sample in the vial must be completely covered by methanol.

8.2.4 Samples for VPH analysis should be collected in duplicateml6®r 40mL VOC vialks with
Teflonlined septa screw caps. An additional sample of the soil/sediment must also be obtained
(without methanol) to allow for a determination of moisture content and VPH dry weight correction
factors. Refer to Appendix 5 for details on shippingtimanolpreserved samples.

8.2.5 A methanol trip blank should accompany each batch of soil/sediment samples.

8.2.6 A chainof-custody form must accompany all sampling vials and must document the date and time
of sample collection and, where appropriate, the voluhmethanol added. Observations of vial
leakage must be so noted on the laboratory/data report sheet.

8.2.7  Any sample received by the laboratory that is not packed in ice or codlégf @must be so noted
on the laboratory/data report sheet. The temperatfi the cooler must be recorded by the
laboratory upon receipt.

8.2.8 Soil/sediment samples must be analyzed within 28 days of collection.

8.3 A summary of sample collecti@ontainerspreservatiopand holding times is provided in Talde

9.0 ANALYTICAL PROCED URE
9.1 Sample Preparation and Purging

9.1.1 Itis highly recommended that all samples be screened prior to analysis. This screening step may be
analysis of a soil/sediment sample's methanol extract (diluted), the headspace meti&#b (SW
method3815, or the headecane extraction and screening method-88%/Method 3820). For
soil/sediment samples, headspace screening of the unpreserved vial (obtained for the purposes of
determining soil/sediment moisture content) is also an option.
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9.1.2 AgqueousSamples

Introduce wlatile compounds into tHBC using a purgandtrap concentrator.

Note: Although procedures for manual purgeand-trap load systems are provided below,
MassDEP prefers the use of purgeand-trap autosamplers to reduce variability and to
minimize the hardling of samples for VPH analysis.

9.1.2.1 For a manual load systememove the plunger from arBL syringe and attach a closed
syringe valve. Open the sample or standard bottle, which has been allowed to come to
ambient temperature, and carefully pour the sarimtb the syringe barrel to just short of
overflowing. Replace the syringe plunger and compress the sample. Open the syringe
valve and vent any residual air while adjusting the sample volume to 5.0 mL. This process
of taking an aliquot destroys the iditly of the liquid sample for future analysis; therefore,
if there is only one 4@nL vial, the analyst should fill a second syringe at this time to
protect against possible loss of sample integrity. This second sample is maintained only
until such time wen the analyst has determined that the first sample has been analyzed
properly. Filling one 20nL syringe would allow the use of only one syringe. If a second
analysis is needed from a syringe, it must be analyzed within 24 hours. Care must be taken
to prevent air from leaking into the syringe.

Alternatively, commercialhavailable autosamplers may be used to automatically
introduce a 5.0 mL sample aliquot directly from a 40 mL sampling vial to the system for
purging. The addition of surrogates maysal be performed automatically by the
autosampler. Fol | ow manufacturer ds instructions
concentrations of surrogates and/or matrix spikes may need to be modified to
accommodate the fixed injection volumes associated with atédrsamplentroduction

systems.

If necessary, samplatiouldbe diluted prior to injection into the purge chamber. In such
cases, all steps must be performed without deldiyusing an autsampler, sufficient
volume of the diluted sample should begared to fill a 40 mL sampling vial. Analyze
the diluted sample as described above.

9.1.2.2 Spiking Samples
If the purgeandtrap manual load system is utilized:
1 Add a specified volume (recommended ® pL) of the surrogate spiking solution
through the vale bore of the syringe to yield a final concentration of 50 p@lose
the valve.
1 If matrix spike analysis is to be performed, add a specified volume (recommended 5
10 pL) of the matrix spiking solution through the valve bore of the syringe to yield a

nominal concentration of 50 pg/L. Close the valve.

1 Attach the syringe valve assembly to the syringe valve on the purging device. Open
the syringe valve and inject the sample into the purging chamber. Closdéviine v

If the purgeand trap autosamplés utilized:
1 The addition of surrogates may be performed automatically by the autosampler.
1 If matrix spike analysis is to be performed, add a specified volume (recommended 5

10 pL) of the matrix spiking solution through the Teflored septa screwap of the
VOC vial.
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9.1.2.3 Regardless if manual load or autosampler is used, purge the sample for 11 minutes.
Recommended pureggndtrap operating parameters are provided in TableAt the
conclusion of the purge time, attach the trap toGRH(if necessary)adjust the device to
the desorb mode, and begin t& temperature program and GC data acquisition.
Concurrently, introduce the trapped materials tadGRcolumn by rapidly heating the trap
to 260°C(desorb temperaturend backflushing the trap withert gas between 15 and 20
mL/min for 4 minutes.

9.1.2.4 While the trap is desorbing into ti&C, empty the purging chamber. Wash the chamber
with a minimum of two 5 mL flushes of reagent water (or methanol followed by reagent
water) to avoid carryover of corapnds into subsequent analyses.

9.1.2.5 After desorbing the sample, recondition the trap by returning the-padgeap device to
the purgemode. Wait 15 seconds, then close the syringe valve on the purging device to
begin gas flow through the trap. The tramperature should be maintained at 260°C.
After approximately 7 to 15 min, turn off the trap heater and open the syringe valve to stop
the gas flow through the trap. After a highly concentrated sample, a longer baking time
may be necessary. When cobg trap is ready for the next sample.

9.1.2.6 Following sample analysis, measure and record the pH ofti&iningsample.

9.1.3 Soil/SedimenBamples

Soil and sediment samples are extracted with methanol. An aliquotroéthanokextract is added
to reagent wr andvolatile compounds aréntroduced into theGC using a purgandtrap
concentrator.

9.1.3.1 Weigh the sample vial to 0.1 g on a4opding balance and determine the weight of the
soil/sediment sample; this determination requires knowledge of thg/eargd weight of
the sample vial and volume/weight of methanol preservative that was added to the sample
vial.

9.1.3.2 Add a specified volume (recommendadt to exceed..0 mL) of the surrogate spiking
solution through the septuof the sample vial The concemation and/or volume of the
surrogate spiking solution may need to be increased for samples that are highly
contaminated (based upon screening and/or field notes), to prevent dilution to below
detectable limits.The amount of surrogate added should yé&fahal concentration of 2.5
mg/kg.

9.1.3.3 If matrix spike analysis is to be performed, addpecified volume (recommended not to
exceedl.0 mL) of the matrix spiking solution through the septoha separate sample vial
to yield a nominal concentration of Zrig/kg.

9.1.3.4 Agitate sample to facilitate adequate mixing of spiking solution(s).
9.1.3.5 Allow soil/sediment to settle until a layer of methanol is apparent.

9.1.3.6 Using a microliter syringe, withdraw an appropriate aliquot of the methanol extract for
sparging through th septum of the container. Sample screening data can be used to
determine the volume of methanol extract to add to the 5 mL of reagent water for analysis.

9.1.3.7 Remove the plunger from one 51 Luerlock type syringe equipped with a syringe valve
and fill urtil overflowing with reagent water. Replace the plunger and compress the water
to vent trapped air. Adjust the volume to allow for addition of the extract (e.g., for 100 pL
of extract adjust to 4.9 mL). Pull the plunger to 5.0 mL for addition of thplsaamtract.
Add the volume of methanol extract determined from screening (recommended 100 pL if
dilution not required). Be advisel that the volume of methanol aliquot added to the
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reagent water should not exceed 200L to preclude adverse solvent fronand trap
breakthrough difficulties. Alternatively, the addition of methanol extracts to reagent
water can be performed in 40 mL VOC vials when an autosampler is used keeping
similar methanol to water ratios.

9.1.3.8 If using a manual load purgedtrap systematach the syringe valve assembly to the
syringe valve on the purging device. Open the syringe valve and inject the sample into the
purging chamberClose the valve.

9.1.3.9 Complete operations as specifiedections.1.23 through 9.1. 5.

9.1.4 Determinatiorof Percent Moisture

9.1.4.1 Soil and sediment results must be reported on-avdight basis.

Transfer 5 to 10 g of sample into a tafefd0.1 g) crucible. This sample must be obtained
from a vial or container that doemt contain methanol. Dryhts 5 to 10 g sample
overnight at 105°C, and reweigk (0.1 g). Allow to cool in a desiccator before
reweighing. Calculate the percent moisture of the sample using the equation provided in
Section 9.8 (Equation10). Refer to ASTM Method D2216, Detemattion of Moisture
Content of Soils and Sediments, for more detailed analytical and equipment specifications.

9.2 Analytical Conditions
GC/PID/FIDConditions:

Chromatographic Column 105 m x 0.53 mm I.D., 3.0m Restek Rix502.2

Oven Temperature Priam  Initial oven temperature 45°C, hold time 1 min;
t0 100 °C @ 3°C/min, hold time 0 min
to 160°C @ 8 °C/min, hold time 0 min
to 230 °C @ 20°C/min, hold time 7.5 min

Gas Flow Rates Carrier gas Helium @ 12.5 mL/ min
Oxidizer- Air @ 350 mL/mn
Fuel- Hydrogen @ 30 mL/min
Make up- Air @ 17.5 mL/min
Injection Port Temperature 250°C

Column Inlet Pressure 20 p.s.i.g.

Detector Temperature 230°C (PID)
230°C (FID)

9.3 Retention Time Windows

9.3.1 Before establishing retention tinfRt) windowsopt i mi ze the GC systembs
Make three injections of the VPH Component Standard thvecourse of a 78r period. Serial
injections over less than a-h2 period may result iRt windows that are too restrictive.

9.3.2 Calculate the stamad deviation of the three absoliRés for each individual compound in the VPH
Component Standard.

9.3.3 TheRtwindow is defined as plus or minus three times the standard deviation of the aRsfdute
each compound in théPH Component Standarddowever,the experience of the analyst should
weigh heavily in the interpretation of chromatograms.

9.3.4 In those cases where the standard deviation for a particular standard is zero, the laboratory should
substitute the standard deviation of a closely eluting stallstisimilar compound to develop
representative statisticaltjerivedRt window.

Volatile Petroleum Hydrocarbons by GC/PID/FID Revision 2.1
MassDERVPH-18-2.1 Pagel4d Februay 2018



9.3.5 The laboratory must calculait windows for each compound in the VPH Component Standard on
each GC columiand whenever a new GC column is installed. These data musainedeby the
lab.

9.3.6 TheRt window of theCs-Cg aliphatic hydrocarbonis defined as beginning 0.1 minutes before the
elution of n-pentaneand ending).01 minutesbefore theelution of nonane. Th€&,-C;, aliphatic
hydrocarbomange begin®.01 minutes befee the elution of nonantherefore there is no overlap of
the two ranges and the nonane peak is only included inytg, @liphatic hydrocarbon rang&he
Cy-Cy; aliphatic hydrocarbon range ends 0.1 minutes before the elution of naphthalene.

The Rt window for the G-C,o aromatic hydrocarboris defined as beginning 0.1 minuteter the
elutionof o-xyleneand ending 0.1 before tiedutionof naphthalene

VPH marker compounds and windows are summarized in Tablé.
9.4  Calibration

9.4.1 The VPH calibrationstandards are used to calibrate the RBO/FID system. Two distinct
calibration operations are necessary

9.4.1.1 Target VPH Analytes and Surrogat€alibration Factors (CFsre calculated for the
Target VPH Analytes and surrogate standard, based apoorrelation between the
concentration of analyte/surrogate @i area counts for thanalyte/surrogate peaks
This allows for the individual identification and quantitation of these specific
compounds. It is not necessary to develops for any othe individual VPH
Components.

9.4.1.2 Collective Aliphatic/Aromatic Hydrocarbon Range€Fs are calculated for £Cg
aliphatic hydrocarbons andg¢{C;, aliphatic hydrocarbons based upon a correlation
between the TOTAL concentration of aliphatic VPH Compdsexiuting within the
range of interest and the tof@D area counbf the applicable VPH component peaks
A CFis calculated for ¢C,q aromatic hydrocarbons based upon a correlation between
the concentration dhe onearomatic VPH Componentsed to ckbrate this range and
the PID area counbf this VPH componentSpecified VPH Components are designated
marker compounds to define the beginning and end of the hydrocarbon ranges (see
Tableb). A listing of thehydrocarbon range compounds used to eslaBliFsfor each
hydrocarbon range of interest and their individual component concentration (ug/L) is
provided in Tableb.

9.4.2 Initial Calibration

9.4.2.1 Initial calibration is performed at instrument -sgt and at any time recalibration is
required or performe

9.4.2.2 The use of C&is the preferred approach to determine the relationship between the
detector response and fharget VPHAnalyteandhydrocarborrange concentrations. It
is also permissible to utilize linear regress{eae Section9.4.2.2 and 9.4.23). The
linear regression approach foarget VPH Aalytesandhydrocarbomranges is described
in Appendix 6. The use of notinear regression is not allowed in this method and is
considered a significant modification as discussed in Section 11.3.1.

9.4.2.3 An initial calibration is performed using a minimum of five different concentrations of
VPH calibration standards as per Section 7.4. Recommended Target VPH Analyte and
hydrocarbon range calibration standard concentrations are provided in Zahled2b,
respectively. The calibration concentrations must be evenly dispersed over the full
working range of the detector with the lowest calibration point corresponding to the target
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RL for the Target VPH Analytes (see Section 12.0). NOfan autosampler igsed to
spike the surrogate in calibration standards, five standards with the same concentration
of surrogate are acceptable for determinatioa 6Ffor the surrogate.

9.4.2.4 Analyze each VPH Calibration standard according to the procedures specified insSectio
9.1and 9.2.

9.4.25 Target VPH Analytes and SurrogateTabulate thePID area response against the
concentration for each Target VP&halyte and surrogateand calculate CF for each
compound using Equation 1. Perform this calculation for each Target VBktéand
the surrogate.

Equation 1: Calibration Factor for Target VPH Analytes and Surrogate

areaof peak

Calibratia Facto(CF) -
concentranpurged /mg/ L)

9.4.2.6 Hydrocarbon Ranges Establish retention time windows for the hydrocarbon ranges
using the VPH Component marker compounds shown in Bable

9.4.2.7 Calculatea CFfor the G-Cg aliphatic hydrocarbon range using the following steps.

Sumthe individual FID peak areasof the threeVPH Components that are used to
establish an average range for Cs-Cg aliphatic hydrocarbons, as designated in Table
2b. It is important to note that these integrations must be performed using atwalley
valley approach for each of the individual peaks that comprise this range. The sum of
each of these areas is used in the subsequent calculi@n. Do not includette area

of any surrogate standard in calculating a hydrocarbon range CF.

Using this total area, calculate the-G aliphatic hydrocarbon rang€F using
Equation 2.

Equation 2: Calibration Factor for Hydrocarbon Range

Areasummatiosf rangeeomponen

Rang€F= -
Totalconcentraanpurged g/ L)

9.4.2.8 Calculatea G- for the G-C,, aliphatic hydrocarbon range using the following steps.

Sumthe individual FID peak areasof the threeVPH Components that are used to
establish an average ran@# for Co-C,, aliphatic hydrocarbons, as designated in
Table 2b. Note that eratic performance has been noted femamane; calibration of

Cy-C,y, aliphatic hydrocarbons using only two VPH Componentslgcane and -n
butylyclohexane) is allowed.It is important to note that these integrations must be
performed using a valleyp-valley approach for each of the individual peaks that
comprise this range. The sum of each of these areas is used in the subsequent
calculation.Note: Do not include the area of any surrogate standard in calculating a
hydrocarbon range CF.

Using this totharea, calculate thes€C,, hydrocarbon rang€F using Equatior?.
9.4.2.9 Calculatea CFfor the G-C,oaromatic hydrocarbon range using the following steps.

Use the individuaPID peak area of the one VPH component thatsisd to establish
an average rangeF for Cy-C;o aromatic hydrocarbons, as designated in Table It
is important to note thaintegration must be performed using a val&yvalley
approach forthe one peakthat comprise this range. This aea is used in the
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subsequent calculationNote Do not include the area of any surrogate standard in
calculating a hydrocarbon range CF. Do not include the area of naphthalene when
determining the CF fo€y-C;paromatichydrocarbons

Using this area, calculate thg-C,o aromatic rang€F using Equéon 2.

9.4.2.10 Calculate the averadeF for each of the Target VPH Analytes, the surrogate, and each
hydrocarbon range.

9.4.2.11 Calculate the percent relative standard deviation (%RSD) oEHsover the working
range of the curve for each of the Target VRHalytes the surrogateand each
hydrocarbon range using Equatidn

Equation 3: Percent Relative Standard Deviation

|%6RSD=[(SD:- 1) /(AVGA)] * 100|

where:

%RSD = percent relative standard deviation

SD,1 = standard deviation {fh degrees of freedom)
AVG, = averageCF from the initial cabration curve

9.4.2.12 If the %RSD is¢20 for Target VPH Analytes anthe surrogateand ¢25 for
hydrocarbon rangedinearity can be assumednd the average CF can be used for
guantitation in lieu of a calibration curve

If, under extenuating analytical circum&ances (e.g., extending the RL beyond the
expected linear range of the detector), the %RSD criteria cannot be achieved, then a
linear (least squares) regression may be used to generate a calibration curve consistent
with the guidance provided in S846 Mehod 8000D, Section 11.5.2. For the linear
regression calculations, the origin (0,0) cannot be included as a calibration point.

NOTE: Use of nonlinear calibration is not allowed and is considered a
Significant Modification as per Section 11.3.1.

9.4.2.13 In order for the linear regression model to be used for quantitative purposes, r
(correlation coefficient) mu st be O00.99.
from the linear regression must be verified by recalculating concentrations of the
Target VAH Analytes and hydrocarbon ranges in the lowest calibration standard using
the final calibration curve. Recoveries must bel30%.

If recalculatecconcentrations from the lowest calibration standard are outside the 70
130% recovery range, raise the Rithe concentration of the next highest calibration
standard that exhibits acceptable recoveries when recalculated using the final
calibration curve.

9.4.2.14 For any calibration model, the concentration of the lowest initial calibration standard
used in an accegble initial calibration (i.e., %RSDs and r within method criteria),
adjusted for sample size, dilution, etc., establishes the method RL.

9.4.2.15 The initial calibration must beerified through the analysis of an initial calibration
verification (ICV). This anlgsis must be performed every time an initial calibration is
performed.The ICV must be prepared from a different stock standard than that used to
preparethe calibration standard and must be analyzed immediately following the initial
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calibration.  The ICV should be prepared at a mrahge calibration curve
concentration.

Calculate the percent recovefR) of each Target VPH Analyte and hydrocarbon
range using Equatioh Percent recoveries must be betweerl30%. Recalibrate if
>10% of all analytes aroutside of criteria.

Equation 4: Percent Recovery

| %6R = [(Cround /(Ctrud] * 100|

where:

%R = Percent Recovery

Ciouna= Concentration of th@arget VPH Analyteor hydrocarbon range detected in
the ICV (ug/L)

Cwe= True concentration of th&arget VPH Analyteor hydrocarlon range in the
ICV (ug/L)

9.4.3 ContinuingCalibration

9.4.3.1 A Continuing Calibration Standard must be analyzed daily prior to sample analysis
after every 20 samples, and at the end of the analytical sequiesbeuld be noted
that thePercenDifferences (%Dsare calculated (Equatids) whenCFsare used for
the initial calibration and Percent Drifts (Equatiost,6Appendix 6) are calculated
when calibration curves using linear regression are used for the initial calibration.

9.4.3.2 The concentration of the VPH Caomting Calibration Standard must be near the
midpoint of thecalibration curve.

9.4.3.3 Calculate theCF for each Target VPH Analyte, surrogate, and hydrocarbon range from
the Continuing Calibration Standard using Equatioasd 2

9.4.3.4 Calculate the %D of the Cadnting Calibration StandardCF from the initial
calibration averag€F using Equatiorb.

Equation 5: Percent Difference

|%D = [(CFQ - (CR)]/[(CR)]*100|

where:

%D = Percent Difference
CFc= CFfrom the VPH Continuing Calibration Standard
CR = averageCFfrom the initial calibréion curve

9.4.3.5 The %D or Percent Drift for each Target VPH Analgied surrogate must be 20.
The %D or Percent Drift for @eawerhtoDbagar oc al
permissible for monane. If the %D for-nonane is > 30, note the nonconformance in
the case narrativelf more than one Target VPH Analyte or hydrocarbon range fails to
meet the applicable criteriothe instrument must be recalibrated. Otherwise, sample
analysis may proceed.

9.4.4 Dalily RetentionTime Windows

The range retention time windows must be established daily based upon the retention time of the
marker compounds ithe VPH Continuing Calibration Standardse the absolute retention time for
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each analyte in the continuing calibration standard as the midpoint of the window for that day. The
daily retention time window equals the midpair times the standard detitan determined in Section
9.3. The marker compounds used for each range are defined irbI'able

9.4.5 Target VPH AnalytesCy to C,o Aromatic Hydrocarbonsand the surrogatgre quantitated on the
PID chromatogram

9.4.6 Csthrough G and G through G, Aliphatic Hydrocarbonsand the surrogatare quantitated on the
FID chromatogram.

9.5 GC Analysis

9.5.1 Samples are analyzed irgeoup referred to as an analytical batch. The analytical sequence begins
with instrument calibration (initial or continuing) followed by up © famples interspersed with
blanks and QC samples and closed with anmaidje continuing calibration standard. The analytical
sequence ends when one or more analytical batches have been processed or when any required
gualitative and/or quantitative QC texiiia are exceededhichever comes first

9.5.2 Identification of Target YH Analytes

1 Tentative identification ofa Target VPH Analyte occurs when a peak from a sample
chromatogram falls within the daily retention time window. Confirmation on a second GC
column or by GC/ MS analysis may be necessary,
objectives.

1 Co-elution of the pand m xylene isomers may occur.

1 Validation of GC system qualitative performance must be accomplished by the analysis of mid
level staards within the analysis sequence. If the retention times of the Target VPH Analytes
fall outside their daily retention time window in the standards, the system is out of control. In
such cases, the caugghenonconformance must be identified andreoted

9.5.3 Aliphatic and aromatitiydrocarborranges of interest are determined by the collective integration
ofalpeaks that elute between specified range 0
software approaches and applications to colleg@ak area integration, it is recommended that a
manual verification be initially performed to document accurdggration.

9.5.4 Collective peak area integration for the hydrocarbon ranges must bfom baseline(i.e., must
include the unresolved complex mixtte "hump" areas). For the integration of individual
Target VPH Analytesand surrogate compounds, a valiyvalley approach should typically be
used, though this approach may be modified on almasase basis by an experienced analyst. In
anycase,ta unresol ved c¢ompl ex nanheintludeddn thd imtegrafion of ar e a s
individual Target VPH Analytes and surrogate compounds.

9.5.5 If theresponse for an individudlarget VPH Analyte exceeds the linear range of the system, dilute
the sample antkanalyze. The samples must be diluted so that all fedaisthin the linear range
of the detector

9.5.6 For nontarget analytes eluting in the aliphatic or aromagidrocarbon rangeshe upper linear
range of the system should be defined by peak heighturement, based upon the maximum peak
height documented for an aliphatic or aromatic standard withimytir@carbon rangtaat is shown
to be within the linear range of the detector.

9.5.7 Under circumstances that sample dilution is required because thigheoncentration of one or
more of theTarget VPH Analytegxceed the concentration of their respective highest calibration
standard or any neiarget peak eluting within any aliphatic or aromatic range exceeds the peak
height documented for the higheahgespecific calibration standard, the RL for edarget VPH
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Analyte and/orhydrocarborrange must be adjusted (increased) in direct proportion to the Dilution
Factor (DF).
Where:

Sample Aliquot Volume (mL) + Diluent Volume (mL)
DF =

Sample Aliquot/olume (mL)

And the revised RL for the diluted sample,sRL
RL4 = DF X Lowest Calibration Standard for Taryé#tH Analyte

It should be understood that samples with elevated RLs as a result of a dilution may not be able to
sati sfy @A M@brtinglimibsdgrsame dases ibthe Rk greater than the applicable MCP
standard or criterion to which the concentration is being compared. Such increases in RLs are the
unavoidable but acceptable consequence of sample dilution that enable quantifi€atrget
analytes which exceed the calibration range. All dilutions must be fully documentbé in
laboratory narrative

Analytical Note Over dilution is an unacceptable laboratory practice. The-dilasbn
concentration of the highest concetitna target analyte must be at least-680% of its highest
calibration standard. This will avoid unnecessarily tidis for other target analytes, which did not
require dilution.

9.6 Calculations
The concentraticof Target VPH Analytes and hydrocarbranges in a sample may tetermined from
the peakarea responseusing theCFs determined in Section 9.4. If linear regression was used for
calibration, refer to Appendix 6 for sample concentration calculations.
9.6.1 Individual Target WPH Analytes ad Surrogate: The avera@& from the initial calibration is used to
calculate the concentration of an analyte or surrogate detected in the sample. Bqdsai&sd to
calculate the concentration of Target VPH Analytes and the surrogate in pg/L.

Equation 6: Aqueous Samples: Calculation of Sample Concentratiom§/L)

(A)DF)
ConcAnalyt nL)=-——"—=
yte( mg/L) (CP)
where
Ax =  Area count for the Target VPH Analyte or surrogate

DF = Dilution factor (see Section 9.5.7)
CF = Average CF for Target VPH Analyte or surrogate

For sol/sediment samples, convert the pg/L value to pg/kg using Equation

Equation 7: Soil/Sediment Samples: Conversion afg/L to pg/kg

ConcAnalytd ng/kg¥ Cxvolv)
(ViXwg)

where:

Cx = Concentration from Equatiagh(pg/L)
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V= Total volume of methanol extract, mL

Analytical Note: This volume must also include the volume of surrogate spiking solution
added to soil/sediment samples (# 100 yuL) and the volume of water
added due to % moisture correction. See Section 9.6.4.

V= Volume of methanol extract addedrémgent water for purggndtrap analysis, pL.
V Volume of reagent water used for puagedtrap analysis, pL.
Dry weight of sample, g (see Equatiofistirough D)

Wy
The integration of Target VPH Analytaad surrogates must be performed fromeyatb valley.
9.6.2 Hydrocarbon Ranges

When calculating the VPH by GEID/FID method aliphatic and aromatic hydrocarbon range
concentrations, the laboratamust include the area dll peaks eluting within the retention time
windows specified for thesanges, excluding surrogates described below in Sections 9.6.2.1,
9.6.2.2, and 9.6.2.3.

The average hydrocarbon ran@d from the initial calibration is used to calculate the
concentration (ug/L) of hydrocarbon ranges in sampBdlective peak areaintegration for
the hydrocarbon ranges must be from baseline (i.e., must include the unresolved complex
mixture).

9.6.2.1 Cs-Cg Aliphatic HydrocarbonsFID

1 Sum all peaks in the appropriate retention time window, as specified in Section 9.3
and Tables (using baseline integration)

I From this sum, subtract the area countargfsurrogates which elute in this range
(using valleyto-valley integration)

9 Calculate a preliminary concentration (UnadjusteeCgaliphatic hydrocarbons) in
Mg/l using Equatior8.

Equation 8: Aqueous Samples: Calculation of Preliminary (Unadjusted) Sample
Concentration of Cs-Cg Aliphatic Hydrocarbons (ug/L)

ConcHC Rangd mg/L)= (AJDF)

(CF)
where:
A= total area count of all peaks eluting within hydrocarbon range window
(excluding thesurrogates)
CFag=  averageCF for hydrocarborrange
DF = dilution factor (see Section 9.5.7)

For soil/sediment samples, convert the pg/L value to pg/kg using Eq@ation

Equation 9: Soil/Sediment Samples: Conversion afg/L to pg/kg

ConcAnalyté mg/kg¥ M
(ViXwq)
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where:

Cx = Concentration from Equatidh(ug/L)
V= Total volume of methanol extract, mL

Analytical Note: This volume must also include the volume of surrogate spiking
solution added to soil/sediment samples (iD 100 pL) and the
volume of waer added due to % moisture correction. See Section
9.6.4.

Volume of methanol extract added to reagent water for pamgérap analysis, pL
Volume of reagent water used for puagedtrap analysis, L
Dry weight of sample, g (see Equatalfd through 2)

<<

2

NOTE: These values are +&®Rabrpkdtiacssd has A
Appendix3, Exhibit 1.

1 From the Unadjusted concentration (ug/L or pug/kg), calculate the concentration of
Cs-Cg aliphatic hydrocarbons by subtracting the eemtrations of Target VPH
Analytes(which are quantified usinthe PID)which elute in this range (typically
MTBE, benzene, and toluene for the-G aliphatic hydrocarbons). This is the
final concentratgdGAl irepatrit e dHyathe dathaer bfo@
report form in Appendid, Exhibit 1.

9.6.2.2 C4-C;pAromatic Hydrocarbond?ID

1 Sum &l peaks in the appropriate retention time window, as specified in Section 9.3
and Tables (using baseline integration)

1 From this sum, subtract the areaints of any surrogates which elute in this range
(using valleyto-valley integration)

9 Calculate the concentration in pug/L using Equagon
For soil/sediment samples, convert the pg/L value to pg/kg using Eq@ation
9.6.2.3 C4-Cy, Aliphatic Hydrocabons FID

1 Sum all peaks in the appropriate retention time window, as specified in Section 9.3
and Tables (using baseline integration)

1 From this sum, subtract the area countamfsurrogates which elute in this range
(using valleyto-valley integratia).

9 Calculate a preliminary concentration (UnadjusteeCg aliphatic hydrocarbons)
in pg/L using Equatio.

For soil/sediment samples, convert the pg/L value to pg/kg using Eq@ation

NOTE: These values ar e JCgdgighattcesdd aass tshheo \
in Appendix3, Exhibit 1.

1 From the Unadjusted concentration (pg/L or pg/kg), calculate the concentration of
Cy-C,, aliphatic hydrocarbons by subtracting the concentrations-af;£aromatic
hydrocarbongfrom the PID)and the Target VPH Amges (which are quantified
usingthe PID)which elute in this range (typically ethylbenzene, m -&yfenes,
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and oxylene for the G-C,, aliphatic hydrocarbons). This is the final concentration
reportedoGsAl 1 pé atiiCc Hy dr oc aepdstofeors &n  on t
Appendix3, Exhibit 1.

9.6.3  Calculation of Dry Weight of Sample
In order to calculate the dry weight of sample purgeg)(iMs necessary to determine the moisture
content of the soil/sediment sample, using the procedure outlined in SettibnYsing the data

obtained from Section 94,.Wj is calculated using Equatiot8 through 2.

Equation 10: Percent Moisture

o= g wetsample g dry sampl
g wet sample

% Moistur ex 100

Equation 11: Percent Solds

|% Dry Solds = (100) - (% Moistue)|

Equation 12: Dry Weight of Sample

W4 (9) = (% Dry Solids/100Q(g of extractecdample]

9.6.4 Data Correction for Target VPH Analyte and Range Calculationdviiethanol Preservation
Dilution Effect

Based on the requirements of 846 Method 8000D, Section 11.10.5, VPH analytical results

for soil/sediment samples must be correctatfie Methanol Preservation Dilution Effect. The

potential for under reporting Target VPH Analyte and hydrocarbon range concentrations is more
pronounced exeitvleal0fias®w moi sture content of th
this corrections neglected.

Target VPH Analyte and hydrocarbon range concentrations in soil/sediment samples preserved
with methanol are subject to a systematic negative bias if the potential increase of the total
solvent volume during the methanol extraction processoisconsidered. This increase in
extraction solvent volume is a direct result of the solubility of the entrained sample moisture
(water) in the methanol. The total solvent volume is the additive sum of the volume of methanol
and the entrained sample minire that partitions into the methanol during extoactiThe

volume of watempartionedis estimated from the % moisture determination (and the assumption
that 1 g of water occupies a volume of 1 mL). This is a conservative correction regarding
calcua ed VPH concentrations because some fract
partition into the methanol, due to various physiochemical binding forces. The total
solvent/water volume (V1) is calculated as follows:

Equation 13: Calculation of Solvent/Water Volume

mL solvent/water (¥) = mL of methanol + ((% moisture/100) x g of sample

Thi s A c ¥irvalue shiowdddbé substituted directly for ¥Mevalue shown in Section 9.6,
Equations 7 an®. It should be notedhat theVt value used in Eqtians 7 or9 to calculate
VPH concentrationsmust also include thevolume of surrogate spiking solution added to
soil/sediment sampld€g > 100pl).
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10.0 QUALITY CONTROL
10.1  General Requirements and Recommendations

10.1.1 Each laboratory that uses this method is ireguo operate a formal quality control program. The
minimum requirements of this program consisérofnitial Demonstratiomf Laboratory Capability
(IDLC) and an ongoing analysis pfepared QGamples to evaluate and document the quality of
data. The laboratory must maintain records to docuntieatjuality of the data producedOngoing
data quality checks are compared with established performance criteria to determine if the results of
analyses meet the performance standards for the method.

10.1.2 At a minimum, for each analytical batch (up to 20 samples of similar matrix), a beginitia
Calibration or Opening midange Continuing Calibration Standard, Closing-naidge Continuing
Calibration StandardLMB, LCS and LCSDmust be analyzed. The Initial Calibration or
Continuing Calibration Standard, LMB, and LCS must be analyzed prior to samiglasix
duplicates, matrix spikand/ormatrix spikeduplicates should be analyzed, at the request of the data
user, based upon the nature of the sample.aRalytical batches with more than 10 samples, the
analysis of an additional michnge Continuing Calibration Standard should also be considered.
However, it should be noted that the analysis of the Continuing Calibration Standard is required
prior to sanple analysis, after every 20 samples, and at the end of an analytical sequence, at a
minimum.

10.1.3 The recommended sequence of analysis is as follows:

(1) Analytical BatchCalibration Standards (initiar mid-range Continuing Calibration Standard
(daily che of initial calibration). [REQUIRED]

(2) Initial CalibrationVerification [REQUIRED only after initial calibration]

(3) Analyticalbatch LCS [REQUIRED]

(4) Analytical batch LCSD[REQUIRED ; can instead be analyzed at end of sequefice

(5) Analyticalbatch LMB [REQUIRED]

(6) Batchsamples (up to 20 samples).

(7) Matrix duplicate [As requested by data user]

(8) Matrix SpikeMatrix SpikeDuplicate [As requested by data usdr

(9) Optionalmid-range Continuing Calibration Standaldonsider after 10 samples)

(10)Analytical BatchLCS Duplicate ° [REQUIRED]

(11)Closing midrange Continuing Calibration Standetl)rdfter 20 samples and at end of analytical
batch [REQUIRED]

a May be used as ttenalytical batch.CS for the next analytical batch if batches are
processed continuously.

b May be used aanalytical batclopening Continuing CalibratioBtandardor the next
analytical batch if batches are processed continuously.

All analytical sequences and data must be recorded in a daily run log.
10.2 Minimum Instrument QC
10.2.1 The npentane (¢ andMTBE peaks must be adequately resolved from any solvent front that may

be present on the FID and[Plchromatograms, respectively. This is achievable using the
recommendedhromatographic column and purgedtrap procedures. Coelution of the amd p
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xylene isomers is permissible. All surrogates musadegjuatelyresolvedfrom individual Target
VPH Analytes included in the VPH Component Standafebr the purposes of this method,
adequate resolution is assumed to be achieved if the height of thebeatlieen two peaks is less
than 25% of thaverage height of the two peaks

10.2.2 Initial Calibration Verification 7 An ICV standard, prepared from a separate source standard
than used for initial and continuing calibrations must be analyzed immediatielyifiy the
initial calibration. The recoveries of all Target VPH Analytes and hydrocarbon ranges must be
between 7aL30%. A new fivepoint calibration must be performéfd>10% of all analytes are
outside of criteria

10.2.3 Laboratory Method Blank i A water orsoil LMB is prepared by fortifying eeagent water blank
(for aqueous samples), or 25 ml of metha(fol soil/sediment samplgswith the surrogate
spiking solution (using same volume of surrogate as samples). Peaks must not be detected above
the RL within the retention time window of any analyte of interest. The hydrocarbon ranges
must not be detected at a concentration greater than 10% of the most stringent applicable MCP
cleanup standard for soil/sediment samples and 50% of the most stringent $cD
cleanup standard for aqueous samples.

10.2.4 Relative Retention Timesmust be established for eagarget VPH Analyteand hydrocarbon
range of interest each time a new GC column is installed and must be verified and/or adjusted on
a daily basis. (Seee$tiors 9.3and 94.4).

10.2.5 Calibration

10.2.5.1Initial Calibration: CFs must be calculated for each Target VPH Analyte and
hydrocarbon range based upon the analysis of a minimum of 5 calibration standards.
The linearity of CFs may be assumed if the %RSD over therking range of the
calibration curve isC20 for Target VPH Analytes and he surrogate anc
hydrocarbon ranges. (See Section 9F)r linear regression, r must bé.99.

10.2.5.2Continuing Calibration Standard: The Continuing Calibration Standard must be
analyzed daily priorto sample analysisevery 20 samples, and at the end of an
analytical sequence verify the accuracy of the calibration of the instrument. For
Target VPH Analytesant he surrogat e, the %D or Per ce
hydrocarbon ranges, the %D or Percent Drift must 50 GrRater %Ds oPercent
Drifts are permissible for -nonane (if included in the calibration of the C Ci»
aliphatic range). If the %D or Percent Drift is > 30 fomanane, note the
nonconformance in the laboratory narrativié.more than onél'arget VPH Analyte or
hydrocarbon range fails to meet this criterion, the instrument must be recalibrated.
Otherwise, sample analysis may proceed.

10.2.6 Laboratory Control Sample i An LCS is prepared by fortifying a reagent water blank (for
agueous samples) 85 mL of methanol (for soil/sediment samples) with the matrix spiking solution
for a final concentration of 50g/L (2.5 mg/kg) The spike recoveries for the Target VPH Analytes
and the hydrocarbon ranges must be between 70% and 130%.

1 If the recoverés are low and outside of the acceptance limits, reanalyze the LCS and
associated samples. If still outside of the acceptance limits, recalibrate.

1 If the recoveries are high and outside of the acceptance limits and the affected compound
was detected ithe associated samples, reanalyze the LCS and the associated samples. If
recoveries are still outside of the acceptance limits, recalibrate.

1 If the recoveries are high and sample results were nondetect, data can be reported without
gualification; howeer, the high recoveries should be noted in the laboratory narrative.
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10.2.7 LCS Duplicatei The LCSD is prepared separately from the LCS but prepared and analyzed in the
same manner as the LCS and is used as the data quality indicator of precision. Thaldratthi
precision is determined from the RPD of the concentrations (not recoveries) of the LCS/LCSD pair.
The RPD for Target VPH Analytes and aliphatic and aromatic hydrocarbon range concentrations
must be< 25. See Section 108for corrective actiongssociated with recoveries outside of
acceptance limits.

10.2.8 Surrogate Spike Recoveries

10.2.8.1Each sample, LMB, LCS, LCSD, matrix spike, and matrix duplicate tmeigortified
with the surrogate spiking solution. Required surrogate recovery is 70% tofl3%
each detector At a minimum, when surrogate recovery from a sample, blank, or QC
sample is less than 70% or more than 130%, check calculations to locate possible
errors, check the fortifying solution for degradation, and check for changes in
instrument peormance. If the cause cannot be determined, reanalyze the sample unless
one of the following exceptions applies:

(1) Obvious interference is present on the chromatogram (e.g., unresmuguex
mixture);

(2) Percent moisture of associated soil/sediment saimpi@5% and surrogate recovery
is > 10%; or

(3) The surrogate exhibits high recovery and associated target analytes or hydrocarbon
ranges are not detected in sample.

If a sample with a surrogate recovery outside of the acceptable range is not reanalyzed
ba®d on any of these aforementioned exceptions, this informatiish be noted on the
data report form and discussed in ldigoratory narrative.

Analysis of the sample on dilution may diminish mataiated surrogate recovery
problems. This approach caa bsed as longs the RL for the applicable MCP standards
will still be achieved with the dilution. If not, reanalysis without dilution must be
performedunless theconcentrations of target analytes do not allow an undiluted run
Recoveries of surrogatesutside of the acceptable range after reanalysist alsobe
noted on the data report form and discussed in the laboratory narrative.

10.3 At the request of the data user, and in consideration of sample matrices and data quality objectives, matrix
spikes andnatrix duplicates may be analyzed with every batch of 20 samples or less per matrix.

10.3.1 Matrix Duplicate i Matrix duplicates are prepared by analyzing one sample in duplicate. The
purposeof the matrix duplicates is to determine the homogeneity of thelsangirix as well as
analytical precision. The RPD of detected results in the matrix duplicate samples must not exceed
50 when the results are greater than 5x the RL. Refer to Equdtion the RPD calculationf
the RPD exceeds 50 and both resuléssabx the RL, the sample analysis must be repeated.

1 If an analyte is detected in one analysis at > 5x the RL and not detected in the duplicate
analysis, the analysis must be repeated.

1 If an analyte is detected in one analysis<dix the RL and not detesd in the duplicate
analysis, the RPD is not calculable and the analysis does not have to be repeated.

1 If an analyte is not detected in both the original and duplicate analyses, the RPD is not
calculable. No further action is required.

Equation 14. Relative Percent Difference Calculation

RPD =[(Cs- Ca)/[(Cs+ Ca)/2]] * 100
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where:

Cs = concentration in original sample analysis
Cq4 = concentration in duplicate sample anadysi

10.3.2 Matrix Spike/Matrix Spike Duplicate i The aqueousr soil/sediment matrix spike is prepared by
fortifying an actual aqueous sample or soil/sediment sample with a specified volifigi($or
aqueous samples and not to exceed 1.0 ml for soil/sediment sampkds) matrix spiking
solution (see Section@). The desiredpiking level is 50% of the highest caliion standard.
However, the total concentration in the matrix spike (including the matrix spike and native
concentration in the unspiked sample) should not exceed 75% of the highest calibration standard in
order for a proper evaluation to be performethe purpose of the matrix spike is to determine
whether the sample matrix contributes bias to the analytical results. The background concentrations
of the analytes in the sample matrix must be determined in a separate unspiked aliquot and the
measured Jaes in the matrix spike corrected for background concentrations. The corrected
concentrations of each analyte within the matrix spiking solution must be witHiB0PG of the
true value.

10.4 If any of the performance standards specified in Section 1@2nar met, the cause of the Ron
conformance must be identified and corrected before any additional samples may be analyzed. Any
samples run between the last QC samples that met the criteria and those that are fallen out must be
reanalyzed, as noted in $ea 10.2. These QC samples include the Continuing Calibration Standard,
LMB, LCS, and LCSD. If this is not possible, the data must be reported as suspect.

10.5 Initial and PeriodicMethodDemonstratiorof Laboratory Capability (IDLC)

The QC procedures de#ied in Appendix 7 and described in 346 Method 8000D, Section 9.3 must be
conducted, successfully completed, and documented as an initial demonstration of laboratory capability, prior
to the analysis of any samples by the VPH byR30/FID Method. Subequent to this initial demonstration,
additional evaluations of this nature should be conducted on a periodic basis, in response to changes in
instrumentation or operations, training new analysts and/or in response to confirmed or suspected systems,
methal, or operational problems. Elements of the IDLC include:

1 Demonstration of Acceptable System Background, see Appendix 7, Section 2.0 (Optional);
1 Initial Demonstration of Accuracy, see Appendix 7, Section 3.0;

9 Initial Demonstration of Precision, see Apden/, Section 4.0; and

1 Method Detection Limit (MDL), see Appendix 7, Section 5.0 (Optional).

11.0 DATA PRODUCTION AND REPORTING
11.1  Calibration
Using the external calibration procedure (See Section 9.4.2) calibr@&€EthéD/FIDas follows:

11.1.1 Using the PID ctomatogram, calculate an average CF or linear regression calibration curve for the
Target VPH Analytes (benzene, toluene, ethylbenzene, yleoes, naphthalene, ahdiTBE).
This step is not necessary if these TaNeH Analytes will not be individuallyidentified and
guantitated by the VPH method (i.e., if unadjusted values only will be reported for the hydrocarbon
ranges or if reporting concentrations of Target VPH Analytes via another method).

11.1.2 Using both the FID and PID chromatograms, calculate amage CF for the surrogate 2,5
dibromotoluene.
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11.1.3 Using the FID chromatogram, calculate an average collective CF for the total concentration of the
Cs-Cs Aliphatic Hydrocarbons. Tabulate the collective peak area response of the 3 compenents (n
pentane, Znethylpentane, 2,2:&rimethylpentane) against the collective concentration injected.

11.1.4 Using the FID chromatogram, calculate an average collective CF for the total concentratjon of C
C12 Aliphatic Hydrocarbons. Tabulate the collective peak area respbrtse 2 components {n
decane and-hutylcyclohexane) against the collective concentration injected. Alternatively, the CF
for Cg-Cy, Aliphatic Hydrocarbons can be calculated using the collective area response of 3
components @monane, rdecane and-butylcyclohexane).

11.1.5 Using the PID chromatogram, calculate an average collective CF for the total concentration of C
C,0 Aromatic Hydrocarbons. This value is the value for Lilpethylbenzene, the only aromatic
standard within this range.

11.2  Sample Analysis
11.2.1 PID Chromatogram

11.2.1.1If desired, determine the peak area cefmt the Target VPH Analyte@ising valleyto-
valley integration)

11.2.1.2Determine the peak area count for the surrogatediByfbmotoluene(using valleyto-
valley integration)

11.2.1.3Determine the totalraa count for all peaks eluting 0.1 minutes after the Rt-fofene
and 0.1 minutes before the Rt for naphthal@iseng baseline integratian)

11.2.1.4Using the equations contained in Section 9.6, calculate the concentrations of the surrogate
standard 2/flibromotoluene and {through Gy Aromatic Hydrocarbons. Optionally,
calculate the concentrations of the individual Target VPH Analytes.

11.2.2 FID Chromatogram

11.2.2.1Determine the total area count for all peaks eluting 0.1 minutes before the Rigiatane
and 001 minutes before the Rt for-monane(using baseline integratian) It is not
necessary to identify or quantitate individual aliphatic compounds within this range.

11.2.2.2Determine the total area count for all peaks elutiriy @ninutes before the Rt forn
nonare and 0.1 before the Rt for naphthaldnsing baseline integratian) It is not
necessary to identify or quantitate individual aliphatic compounds within this range.

11.2.2.3Determine the peak area count for the surrogate standaibgoBnotoluene(using
valley-to-valley integration)

11.2.2.4Using the equations contained in Section 9.6, calculate the concentratigribroligh G
Aliphatic Hydrocarbons, £through G, Aliphatic Hydrocarbons, and the surrogate
standard 2 Slibromotoluene.

11.2.3 Data Adjustments

11.2.3.1By definition, the collective concentrations of aliphatic and aromatic fractions of interest
excludethe individual concentrations of Target VPH Analytes. Accordingly, a series of
data adjustment steps are necessary to adjust the colldott®carbon range
concentrations calculated in Section 11. 2.
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11.2.3.2The necessary data adjustment steps may be taken by the laboratory reporting the range
concentration data, or by the data user. The extent of data adjustatemsby the
laboratory must be noted on the data report form.

11.2.3.2.1 Subtract therea countsf the surrogate compound(s) from the collectivea
count of any range in which they elute. If the recommended surrogate 2,5
dibromotoluene is used, no correctismecessary, as this compound elutes after
all ranges of interest.

11.2.3.2.2 Subtract the collectiveoncentratiorof Cy-C;o Aromatic Hydrocarbons from
the collective concentration ofgC,, Aliphatic Hydrocarbons.Do not subtract
the G-C,o Aromatic Hydrocarborconcentration if this concentration is less than
the RL. If the resulting & C;, Aliphatic Hydrocarbon values less than the RL,
report fi< RLO or ARL U0, with a specif
Al10 Uo) .

11.2.3.2.3 Subtract the individuatoncentratias of the Target VPH Analytes from the
appropriate aliphatic range (i.e.s-Cs or Gy-C,, Aliphatic Hydrocarbons) in
which they elute.Do not subtract anyargetVPH Analyte concentration if this
concentration is less than the RL (lowest calibration stahdif the individual
concentrationsof Target VPH Analytes have been quantitated using another
method (e.g., by using an MS detector), note this on the data report form. If the
individual concentrations of Target VPH Analytes have not been quantitated
report the values as Unadjustegt@ Aliphatic Hydrocarbons and Unadjusted
CoCpp Al i phatic Hydrocarbons, andsCgi ndi ca
Aliphatic Hydrocarbons and4€C,, Aliphatic Hydrocarbons.

11.2.3.3For purposes of compliance with the reportangd cleanup standards specified in the
MCP, the concentration of Unadjusted G Aliphatic Hydrocarbons and Unadjusteg C
C1, Aliphatic Hydrocarbons may be conservatively deemed to be equivalent to the
concentratiorof Cs-Cg Aliphatic Hydrocarbons andq€C;, Aliphatic Hydrocarbons.

11.3  Data Reporting Content

The required content for VPH Methdy GC/PID/FIDdata is presented in Appendix 3. This information
provides data users with a succinct and complete summary of pertinent information and data, as well as
clear affirmation that the QC procedures and standards specified in this method were evaluated and achieved.
Any significant modification to theMassDEPVPH by GC/PID/FID Method, as described in Section

11.3.1, and indicated by a negative response tes@nE on the MassDEP Analytical Protocol
Certification Form( al so i ncl uded in Appendix 3) precludes t
Certaintyodo status. | f a byiGLCHIDFID Method is utiizeld] dni c at i
attachmat to the analytical report must be included to demonstrate compliance with the method
performance requirements of Section3loh a matrix and petroleum produdpecific basis.

While it is permissible to modify the reporting format, all of the datarsfodmation specified in Appendix 3
for these reports must be provided in a clear, concise, and succinct manner.

1131 AiSigni ficant Modi Areadiebdnsédt ast hny mtevhati on:
Amust o pr ovi si onanyadngetorniodificatdoa that wilkon ¢ould sabstantively
change the accuracy or precision of analytical results. Such modifications include, but are not
limited to, any of théollowing:

11.3.1.1The use of alternative detectather than GC/PID/FIDo quantiate hydrocarborrange
concentrations;

11.3.1.2The use of other than a purgedtrap sample preparation procedure;

11.3.1.3The use of a heated purge;
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11.3.1.4The use of notlinear repression (i.e., quadratic equatjoies the calculation of Target
VPH Analytes and/or hydrocarb@anges; or

11.3.1.5Failure to provide all of the data and information presented in Appendix 3 as well as the
required method deliverables discussed in Section3L1.3.

11.3.2 Positive affirmation that all required QC procedures and performance standards were fafldwed
achieved means that all of the required steps and procedures detailed irs Se@taordl0.0 have
been followed, and that all data obtained from these steps and procedures were within the
acceptance limits specified for these steps and procedures.

11.3.3 In addition to sample results, the VPH data report must contain the following items

LMB Results

LCSResults

LCSD Results

Matrix spike and/or matrix spike duplicate res(itsly if requested by data user)
Matrix duplicate esults (only if requested by datiser)

Surrogatespike recoveriefor all field samples and QC sampfesm each detectpr
Summary of column used (manufacturer, column name, length, ID, film thigkness

Summary of trap used (manufacturer, trap contents)

=A =4 =4 A4 A4 -4 -4 A -4

Results of reanalyses or dilut®neported as follows:

1. |If reanalysis due to surrogate issues yields similaraoofiormances, the laboratory
must report results of both analyses.

2. If reanalysis due to surrogate issues is performed outside of holding time and yields
acceptable surrogateaoveries, the laboratory must report results of both analyses.

3. If sample is not reanalyzed for surrogate issues due to obvious interference, the
laboratory must provide the chromatogram in the data report.

4. If diluted and undiluted analyses are performbd,laboratory must report results for
the lowest dilution within the valid calibration range for each analyte. The associated
QC (e.g., LMBs, LCS, etc.) for each analysis must be reported. This may result in
more than one analysis per sample being tegor

11.3.4 General laboratory reporting requirements are outlined in \USR-VII A, Quality Assurance
and Quality Control Guidelines for the Acquisition and Reporting of Analytical.DAtaopy of
the requiredMassDEPMCP Analytical ProtocolCertification Formis included in Appendix 3 of
this method.

12.0 REPORTING LIMITS

The RLs for Target VPH Analytes shall be based upon the concentration of the lowest calibration standard for the
analyte of interest. The RL must be greater than or equal to the conceunfrétimiowest calibration standard.

The RLs for hydrocarbon ranges shall be based upon the concentration of the lowest calibration standard for an
individual analyte within the range of interest. The RL will be set at 100x the concentration of thecédiyestion
standard for the associated analyte.

Based on a concentration of 1 pg/L for the lowest calibration standard for all analytes, the fdRbwinvguld be
generated for the hydrocarbon ranges:

Agueous Samplesiydrocarbon rangBLswould beequivalent to 100 pg/L.
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Soil/Sediment Samplektydrocarbon rangBLswould be equivalent to 5 mg/kg based on a 1:1 ratio of methanol: soil
and analysis of a 100 pL aliquot of the methanol extract in 5 mL water.

13.0 METHOD PERFORMANCE
Single laboratory accucg, precision and MDL data for method analytes are provided in Taldlebrbugh 12 in
Appendix 1. Chromatograms are provided in AppendixFar an evaluation of method performance, refer to
Evaluation of MassDEP VolatilePetroleum Hydrocarbon (VPH) Meods Massachusetts Department of
Environmental Protection, June 2016.
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Table 1. Volatile Petroleum Hydrocarbon (VPH) Component Standard

Retention Time

(minutes)!
Compound

PID FID
n-Pentane N/A 5.11
2-Methylpentae N/A 6.68
Methyl-tert-butylether 7.26 7.26
2,2,4Trimethylpentane N/A 11.25
Benzene 12.24 12.24
Toluene 18.06 18.06
n-Nonane N/A 22.59
n-Decane N/A 26.98
Ethylbenzene 23.12 23.12
m- & p- Xylene 23.37 23.37
o-Xylene 24.78 24.78
1,2,4Trimethylbenzene 28.34 28.34
n-Butylcyclohexane N/A 28.52
Naphthalene 32.03 N/A
2,5-Dibromotoluene (surrogate)] 33.78 33.78

!Results obtained using an RI92.2 column and chromatographic conditions describaggendix 2
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Table 2a. Recommended VP Calibration Standard Concentrations

Component Nominal Concentration (ug/L)
Pentane 1 5 25 100 200
2-Methylpentane 1 5 25 100 200
Methyl-t-butyl ether 1 5 25 100 200
2,2, 4Trimethylpentane 1 5 25 100 200
Benzene 1 5 25 100 200
Toluene 1 5 25 100 200
n-Nonané 1 5 25 100 200
n-Decane 1 5 25 100 200
Ethylbenzene 1 5 25 100 200
m-Xylene 1 5 25 100 200
p-Xylene 1 5 25 100 200
0-Xylene 1 5 25 100 200
1,2,4Trimethylbenzene 1 5 25 100 200
n-Butylcyclohexane 1 5 25 100 200
Naphthalene 1 5 25 100 200
2,5-Dibromotoluene (surrogate) 1 5 25 100 200

! Erratic performance has been noted for monane; calibration of C-Cy aliphatics with n-decane and n
butylcyclohexane only is allowed. However,-nonane must be retained in the calibration standard foluse as a

range marker compound (see Tabl&).
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Table 2b. Initial Calibration of VPH Hydrocarbon Range Components

Component Standard Calibration
Hydrocarbon Range Concentration
Hydrocarbon Compounds Used to | Calib.
Range Establish Range Level
Calibration Factor Individual Range Hydrocarbon
Component Range Total
Concentration Concentration
(Ho/l) (Ho/l)
n-Pentane 1 1 3
2-Methylpentane 2 5 15
Cs-Cq .
Aliphatic 2,2,4Trimethylpentane 3 25 75
4 100 300
5 200 600
n-Nonané 1 1 3
n-Decane 2 5 15
Co-C12 -
Aliphatic n-Butylcyclohexane 3 25 75
4 100 300
5 200 600
1,2,4Trimethylbenzene 1 1 1
2 5 5
Co-Cio
Aromatic 3 25 25
4 100 100
5 200 200
1 Erratic performance has been noted for monane; calibration of G-C1 aliphatics with n-decane and routylcyclohexane
only is allowed. However, monane must be retained in the calibration standard for use as a range marker compound (s
Table 5). Hydrocarbon range total concentrations provided above assumenenane is included in the ckbration of this
range.
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Table 3. Holding Times and Preservatives for VPH Samples

Matrix Container Preservation Holding Time
Aqgeous Samples 40-mL VOC vials w/ Teflon Add 3to 4 drgps of 1:1
(using ambient . HCl to pH <2; cool to 14 days
lined septa screw pa o
temperature purge) 0-6°C
Add 0.40 to 0.44 grams 0
Aqueous Samples (usinl 40-mL VOC vials w/ Teflon | trisodium phosphate 14 davs
heated purgé) lined septa screw caps dodecahydrate to pH >11 y
cool to 66°C
VOC vials w/ Teflonlined
septa screw caps. 1 mL methanol for every g
Soil/Sedinent Samplds GQmL vyals: add 25 ¢ 50|I/sgd|ment; add .before 28 days
soil/sediment or at time of sampling;
40-mL vials: add 15 g cool to 66°C
soil/sediment
!Heated purge is considere a significant modification to the method, as per Section 11.3.1.
2 Refer to Appendix 4 for details on sample collection or optional collection/storage devices.

Table 4. Recommended Purgend-Trap Operating Parameters

Purge gas Helium
Purge gas flw rate (mL/min) 40
Purge time (min) 11.0+0.1
Purge temperature Ambient*
Desorb temperature °C 260
Desorb time (min) 4.0
Backflush inert gas flow during desorb (mL/min) 1520
Bake temperature (°C) 260
Bake time (min) 7-15

* |f heated purge tempature is used, different preservation procedures apply;
Table3. Heated purge is considered a significant modification to the method,
per Section 11.3.1.
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Table 5. VPH Marker Compounds and Range Retention Time Windows

Hydrocarbon Range Beginning Marker Ending Marker

Cs-Cs Aliphatic Hydrocarbons (FID) [ 0.1 min before #Pentane | 0.01 min before rFNonane

Co-Cy, Aliphatic Hydrocarbons (FID) | 0.01 min before iNonane | 0.1 min before Naphthaleh

Cy-Cyo Aromatic Hydrocarbons (PID)| 0.1 min after exylene 0.1 min before Naphthaleng

1 The retention time for Dodecane,§0s approximately 2 minutes less than the retention time fg
naphthalene, using the colummdachromatographic conditions recommended for this method.
simplicity, naphthalene is used as the ending marker forgk,@liphatic Hydrocarbon range.
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APPENDIX 1
SINGLE LABORATORY ACCURACY, PRECISION, AND

METHOD DETECTION LIMITS (MDL) DATA
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Table 1-1. Single Laboratory Accuracy, Precision, and Method Detection Limits (MDLs) for Compounds in Component Standard
Spiked Into Reagent Water and Analyzed by the VPH Method

Method Accuracy? Method Precisiorf MDL 2
Spiked Conc. (Mean % Recovery) (RSD - %) (ug/L)
Compound (ug/L)

PID? FID® PID FID PID FID
n-Pentane 6.0 91 6.3 11
2-Methylpentane 8.0 100 8.6 2.2
Methyl-tertbutylether 3.0 95 5.2 0.47
2,2,4Trimethylpentane 4.0 98 11.9 15
Benzene 1.0 91 7.5 0.21
Toluene 3.0 93 6.2 0.55
n-Nonane 2.0 98 7.2 0.44
Ethylbenzene 1.0 92 5.6 0.16
m- & p-Xylene 4.0 95 5.2 0.62
o-Xylene 2.0 86 14.8 0.81
1,2,4Trimethylbenzene 2.0 89 6.1 0.34
Naphthalene 4.0 113 11.1 1.57
2,5Dibromotoluene 40 90 90 10.9 13.3
(surrogate)
#Based on analysis of seven samples spiked with component standard.
® Recovery (%) of spiked concentration.
°RSD = relative standard deviation (%) of mean concentration measured.
4 PID = photoionization detector.
° FID = flame ionization detector.
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Table 1-2. Single Laboratory Accuracy, Precision, and Method Detection Limits (MDLs) for Compounds in Component Standard Spiked Into VPH

Free Sand and Analyzed by the VPH Method

Method Accuracy? Method Precisiorf MDL 2
Spiked Conc. (Mean % Recovery) (RSD - %) (ng/g9)
Compound (ug/g)
PID® FID® PID FID PID FID
n-Pentane 2 96 4.7 0.28
2-Methylpentane 3 99 5.1 0.47
Methyl-tertbutylether 3 89 4.7 0.39
2,2,4Trimethylpentane 3 110 2.1 0.22
Benzene 1 100 4.5 0.14
Toluene 3 104 4.3 0.42
n-Nonane 2 108 3.6 0.25
Ethylbenzene 1 103 5.0 0.16
m- & p-Xylene 4 101 4.0 0.51
o-Xylene 2 106 4.3 0.28
1,2,4Trimethylbenzene 2 103 3.8 0.25
Naphthalene 2 86 2.8 0.15
2,5Dibromotoluene 2 95 114 0.68
(surrogate)
#Based on analysis of seven samples spiked with component standard.
® Recovery (%) of spiked concentration.
°RSD = relative standard deviation (%) of mean concentration measured.
4PID = photoionization detector.
° FID = flame ionization detector.
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APPENDIX 2
VPH BY GC/PID/FID METHOD CHROMATOGRAMS

Figure Description

1 Gas Chromatogram (FID) for VPH Component Standard
2 Gas Chromatogram (PID) for VPH @ponent Standard
3 Gas Chromatogram (FID) of the VPH Gasoline Standard
4 Gas Chromatogram (PID) of the VPH Gasoline Standard
Volatile Petroleum Hydrocarbons by GC/PID/FID Revision 2.1

MassDEPRVPH-18-2.1 2-1 February2018



Gas Chromatograms of the VPH Component Standard

Restek RTX-502.2 capillary column (105 m x 0.53 mm i.d., 3-em film thickness); PID (10.2 eV)
in series with FID; GC operating conditions: 45°C for 2 min/ 3°C/min to 90°C for 0 min/ 5°C/min
to 140°C for 0 min/ 45°C/min to 230°C for 6.5 min.

Figure 1. FID Chromatogram

Response_
1600000

1500000
1400000
1300000
1200000
1100000
1000000

900000
800000/
700000
600000

| 500000

| 400000

300000
200000
100000

0

-100000

Time 2.00 4.00

n-Pentane

Signal: 00712A25.d\FID2B.ch

— 2-Methyl Pentane
——n-Nonane
———n-Decane

————— 2,2,4-Trimethylpentane

6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00

n-butylcyclohexane

~——— 2,5-Dibromotoluene (surrogate)

26.00 30.00 32.00 34.00

Volatile Petroleum Hydrocarbons by GC/PID/FID

MassDERPVPH-18-2.1

Revision 2.1
February2018



Figure 2. PID Chromatogram
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Figure 3 Gas Chromatogram (FID) of the VPH Gasoline Standard

Restek RTX-502.2 capillary column (105-m x 0.53-mm i.d., 3-mm film thickness); PID detector
(10.2-eV lamp) in series with an FID detector (O.l. Analytical); Tekmar (model 3000) purge-and-
trap concentrator.

110

100

CH-C10 Aromatic

A

o
[u]

b 1] [u] -l Jun)
[ o [u] [u] o
C-Kylene
Maphithalens

w
[u]

L_A_IL

TTT T TT T T[T T T [ TT T T[T T T T[T T T[T I T T [TT T T[T I T T TT T T [TTT I TTTT[TTT T TT
p=3 < [=] =2 10 12

TTTT T [TT T T [TT T T [TT T T [T T T[T T [T T T [ TTT T [ TTTT[TTTT
14 16 12 zZ0 pry

Retention Time (minutes)

Figure 4. Gas Chromatogram (PID) of the VPH Gasoline Standard

Restek RTX-502.2 capillary column (105-m x 0.53-mm i.d., 3-mm film thickness); PID detector
(10.2-eV lamp) in series with an FID detector (O.l. Analytical); Tekmar (model 3000) purge-and-
trap concentrator.
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APPENDIX 3
REQUIRED VPH DATA RE PORT INFORMATION

Exhibit 1 Required VPH Data Report Information

Exhibit 2 MassDEPAnalytical Protocol Certification Form
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APPENDIX 3
Exhibit 1: Required VPH Data Repat Information

SAMPLE INFORMATION

Matrix A Aqueous A Soil A Sediment A Other:
Containers A Satisfactory A Broken A Leaking:
Aqueous |A NJA ApH OAPH>2 Comment:
(acid-
preserved)
Aqueous |A N/A ApH O AlpH>11 Comment:
(TSP-
preserved)
Sample Soil or A N/A A Samples NOT preserved in Methanol or aitight mL Methanol/g
container soil/sediment
Preservatives | Sediment | A Samp | es r ec 6 d\ coverindveilisédenano | : A 1:1 +-25%
A not covering soilsediment
A Samples received in aitight container: A Other:
Temperature | A Received onlce A Received at 86°C A Other: °C

VPH ANALYTICAL RESULTS

Method for Ranges: A VPH by GC PID/FID Client ID
A VPH by GC/MS

Method for Target Analytes:A VPH by GC Lab ID
PID/FID A VPH by GC/MS A VOCs by 8260

Trap & Analytical Column Date Collected

Date Received

Date Preserved

VPH Surrogate Standards Date Analyzed

Dilution Factor

% Moisture
(soil/sediment)

Range/Target Analyte Elution Range | RL Units
Unadjusted C5C8 Aliphatics® N/A

Unadjusted C3C12 Aliphatics' N/A

Benzene

Ethylbenzene

Methyl-tert-butylether

Naphthalene N/A

Toluene

m- & p- Xylenes

o-Xylene

C5-C8 Aliphatic Hydrocarbons™? N/A

C9-C12 Aliphatic Hydrocarbons™* N/A

C9-C10 Aromatic Hydrocarbons' N/A

Surrogate % Recovery

Surrogate Acceptance Range 70-130% | 70130% | 70-130% | 70-130%

*Hydrocarbon range data exclude area counts of any surrogate(s) and/or internal standards eluting in that range.

%C5 Cg Aliphatic Hydrocarbons exclude the concentration of Target VPH Analytes eluting in that range.

3C4.C1, Aliphatic Hydr ocarbons exclude concentration of Target VPH Analytes eluting in that range AND concentration o€,
Aromatic Hydrocarbons.

“Only applies to soil samples collected in alight containers.
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APPENDIX 3
Exhibit 2: MassDEP Analytical Protocol Certification Form
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